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-sgffl Appellants hereby submit an original and three copies of this Appeal Brief to the Board 
of Patent Appeals and Interferences in response to the final Office Action dated February 19, 
2004. The Notice of Appeal was filed on May 20, 2004, and received in the Patent and 
Trademark Office on May 24, 2004, making this Appeal Brief due on July 24, 2004. 

The fee for filing this Appeal Brief is $165; a check is enclosed. If the check is 
inadvertently omitted, or the amount is insufficient, or should any additional fees under 37 
C.F.R. §§ 1.16 to 1.21 be required for any reason relating to the enclosed materials, or should an 
overpayment be included herein, the Commissioner is authorized to deduct or credit said fees 
from or to Fulbright & Jaworski L.L.P. Account No.: 50-1212/INGN:109US. 

Please date stamp and return the attached postcard as evidence of receipt. 

I. REAL PARTIES IN INTEREST 

The real parties in interest are St. Louis University (assignee), VirRx (licensee), and 
Introgen Therapeutics, Inc. (sublicensee). 

II. RELATED APPEALS AND INTERFERENCES 
There are currently no related appeals or interferences. 

III. STATUS OF THE CLAIMS 

The application was filed with original claims 1-27. Claims 28-108 were added during 
prosecution. Of these, claims 1-4, 10, 45-59, 85-96 have been previously cancelled, and claims 
6-9, 16-19, 23, 25-31, and 76-84, directed to non-elected species with no currently allowable 
generic or linking claim, stand withdrawn. Thus, claims 5, 11-15, 20-22, 24, 32-44, 60-75, and 
97-108 are pending. Of these, claims 11-15, 20-22, 24, 32-44, 60-75, and 97-108 are subject to 
the present appeal, with the subject matter of claims 14-15, 24, 62, 63, 67, 70-71 and 100 being 
free of the prior art. A copy of the appealed claims is attached as Appendix 1 . 
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IV. STATUS OF AMENDMENTS 

No amendments were sought to the pending claims following final rejection. 

V. SUMMARY OF THE INVENTION 

The present invention is directed generally to the use of a special type of replication- 
competent "oncolytic" adenoviruses in the treatment of cancer. The oncolytic adenoviruses of 
the present invention are special in terms of their expression of the ADP gene. The ADP gene 
(which stands for "adenovirus death protein") is the gene discovered by the present inventors to 
promote oncolysis of cancer cells that are infected with these special adenoviruses. The claims 
can generally be divided into two categories. One category, the "ADP overexpressing" 
adenovirus claims, are exemplified by claims 13 and 101, and claims depending therefrom: 

13. A method for treating cancer in an animal having a tumor 
comprising administering to the tumor an adenovirus vector wherein said 
adenovirus vector is replication-competent in neoplastic cells and overexpresses 
an adenovirus death protein (ADP), wherein overexpression is defined as 
overexpression relative to rf/309. 

101. A method for treating cancer in an animal having a tumor, the 
method comprising administering to the tumor an adenovirus vector wherein said 
adenovirus vector is replication-competent in neoplastic cells and overexpresses 
an adenovirus death protein (ADP). 

The second category of claims are not per se limited to "ADP overexpression" and are 

directed to adenoviruses defined in terms of structural instead of functional limitations. This 

category is exemplified by claim 60 and claims depending therefrom: 

60. A method for treating cancer in an animal having a tumor, the 
method comprising administering to the tumor an adenovirus vector that is 
replication-competent in neoplastic cells and expresses an adenovirus death 
protein (ADP), wherein: 

a) the ADP is expressed from an ADP coding sequence positioned 
under the control of a promoter other than the endogenous 
promoters for ADP; 
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b) the adenovirus vector comprises a deletion in the E3 region that 
removes a splice site for an E3 mRNA; 

c) the ADP is expressed from an ADP coding sequence flanked by a 
pre-mRNA splicing and cleavage/polyadenylation signal other than 
the pre-mRNA splicing and cleavage/polyadenylation signal 
normally associated with the ADP gene, and/or 

d) the ADP is expressed from an ADP coding sequence that is 
positioned downstream of the coding sequence for another 
adenovirus mRNA, together with a sequence on the 5' side of the 
ADP coding sequence that allows for internal initiation of 
translation of ADP. 

Lastly, claim 102 specifies ADP overexpression that is achieved by one of the 

foregoing structural limitations: 

102. A method for treating cancer in an animal having a tumor, the 
method comprising administering to the tumor an adenovirus vector wherein said 
adenovirus vector is replication-competent in neoplastic cells and overexpresses 
an adenovirus death protein (ADP), wherein overexpression is effected by one of 
more of the following modifications: 

a) the ADP is expressed from an ADP coding sequence positioned 
under the control of a promoter other than the endogenous 
promoters for ADP; 

b) the adenovirus vector comprises a deletion in the E3 region that 
removes a splice site for an E3 mRNA; 

c) the ADP is expressed from an ADP coding sequence flanked by a 
pre-mRNA splicing and cleavage/polyadenylation signal other than 
the pre-mRNA splicing and cleavage/polyadenylation signal 
normally associated with the ADP gene, and/or 

d) the ADP is expressed from an ADP coding sequence that is 
positioned downstream of the coding sequence for another 
adenovirus mRNA, together with a sequence on the 5' side of the 
ADP coding sequence that allows for internal initiation of 
translation of ADP. 



The specification describes a series of exemplary adenoviruses that overexpress ADP, 
including the KD series (KD1, KD2, KD3) and the GZ series (GZ1, GZ3) and further describes 
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the use of these vectors in the treatment of human cancer as exemplified through accepted animal 
models. The KD series include mutations in their El regions that appear to limit their replication 
to cancer cells, whereas the GZ series do not have such limitations. All of these vectors have 
demonstrated significant if not surprising antitumor oncolytic efficacy. One such vector, 
designated INGN007, is currently in preclinical development by Introgen Therapeutics, Inc. and 
is expected to be in the clinic in the very near future. 

VI. ISSUES ON APPEAL 

This appeal presents the following issues: 

a) Whether the subject matter of the appealed claims is adequately described in 
the subject specification as required by 35 U.S.C. §112, first paragraph; 

b) Whether the claims 101-102 are indefinite under 35 U.S.C. §112, second 
paragraph; 

c) Whether the subject matter of claims 10-13, 32-44, 60, 61, 68, 69, 72-75, 97- 
99 and 101-108 is anticipated by Henderson et al ("Henderson"; Exhibit 1) or 
Little et al ("Little"; Exhibit 2) under 35 U.S.C. § 102(e); 

d) Whether the subject matter of claims 13, 20-22, 60 and 64-66 is obvious under 
35 U.S.C. §103 over the combination of Henderson or Little in light of Freytag 
(Exhibit 3). 

VII. GROUPING OF THE CLAIMS 

With respect to all of the rejections, the claims shall not stand or fall together and shall be 
considered separately as set forth hereinbelow. For example, in addition to the groupings set 
forth by the Examiner, claim 1 3 and claims depending therefrom shall be considered separately 
from claim 60 and claims depending therefrom. Furthermore, within these groupings there are 
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additional claims that are argued separately, including but not limited to claims 68, 70, 72 (which 
break out individual structural features a) - d) of claim 60), claims 20, 22, 64, 66, (which specify 
combination therapy with radiation or chemotherapy), claim 101 (ADP overexpression), claim 
102 (which specifies ADP overexpression as a function of specified structural limitations), 
claims 103-106 (which specify methods for measuring overexpression), and claims 107, 108 
(which specify human therapy). 

VIII. ARGUMENT 

A. Rejection of Claims under 35 ILS.C. §112, 1 st Paragraph 

In the Final Action, claims 11-14, 20-22, 24, 32-62, 64-75 and 85-100 were rejected on 
the basis of 35 U.S.C. §112, first paragraph, and raises the following issues: 

a) Whether the subject matter of the appealed claims (except, presumably, claims 
107 and 108) is adequately described in the specification with respect to the 
phrase "in an animal having a tumor"; 

b) Whether the subject matter of claims 11-15, 20-22, 24, 32-44 and 108 is 
adequately described in the specification with respect to the phrase "wherein 
overexpression is defined as overexpression relative to <i/309"; 

c) Whether the specification provides written description support for the language 
"is detectable by western blot, cell lysis, virus release or by cell spreading assay" 
found in claims 32 and 103-106; and 

d) Whether the specification describes the possibility of including more than one of 
the four alternatives (elements a) through d)) for upregulating the expression of 
the adenovirus death protein ("ADP") set forth in claim 102, claim 60 and claims 
depending therefrom (claims 60-75 and 97-100, 102). 

Appellants will address each of these rejections separately below. 
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7. The subject matter of the appealed claims (except, presumably, claims 
107 and 108) is adequately described in the specification with respect to 
the phrase "in an animal having a tumor" 

a) The Examiner 's Rejection 

In the Final Action, the Examiner rejected all of the claims (except, presumably, claims 
107 and 108) under §112, first paragraph, taking the position that the specification fails to 
disclose the treatment of an "animal having a tumor." The Action acknowledges that the 
specification does provide support for the treatment of humans having a tumor (claims 107 and 
108), but argues that it does not provide written description support for the treatment of animals 
other than humans. The Action makes reference to the myriad of different types of "animals" 
that would be embraced by the rejected language. 

b) Remarks 

In response, Appellants contend that the specification would apprise the skilled artisan 

that it contemplates treatment of animals with tumors. Thus, the Action's concern with 

protozoans and sponges would appear to be unfounded. First of all, the specification is not 

limited to human tumors and, in fact, contemplates the treatment of "tumors of any origin": 

The invention also provides compositions comprising a recombinant vector that 
overexpresses ADP in an amount effective for promoting death of neoplastic cells 
and a method comprising administering a therapeutically effective amount of the 
vector to a neoplastic cell in a patient. It is believed that the compositions and 
methods of the present invention are useful for killing neoplastic cells of any 
origin and include neoplastic cells comprising tumors as well as metastatic 
neoplastic cells. 

Specification at page 17, lines 16-21 (emphasis supplied). Furthermore, the specification 
actually sets forth examples of the treatment of animals. This is shown in Examples 4 and 8 of 
the specification, which demonstrate the treatment of mice having tumors and specifically uses 
the word "animal" (see specification, page 27, lines 20-21). 
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The Action's position appears to rely on its interpretation of the meaning of the term 
"patients" and equates this term with "human patients." However, it is certainly true that an 
animal can be a "patient," as evidenced by the fact that we have veterinarians and "animal" 
hospitals. 

The Board is therefore requested to overturn the Examiner on this point. 

2. The subject matter of claims 11-15, 20-22, 24, 32-44 and 108 is 

adequately described in the specification with respect to the phrase 
"wherein overexpression is defined as overexpression relative to dl309" 

The Action next takes the position the specification fails to provide written description 

support for the phrase "wherein overexpression is defined as overexpression relative to d/309," 

found in claims 11-15, 20-22, 24, 32-44 and 108. The Examiner's arguments can be summarized 

as follows, and the Appellants' response to each follow: 

a) That the dl309 adenovirus is not a wild type adenovirus and that 
there is no evidence that dl309 expresses ADP as high as any 
previously known adenovirus. 

In response, Appellants note that whether J/309 is a wild type adenovirus or not, or 
whether it expresses ADP as high as any previously known adenovirus, is irrelevant to the 
written description issue. Nevertheless, it is specifically noted that on page 25, lines 28-30, the 
specification characterizes Ad5, dB09 and dlOl/07 as "viruses expressing wild-type amounts of 
ADP." The Examiner has presented no evidence to call into question the objective truth of this 
statement. In re Marzocchi, 439 F.2d 220, 223-24, 169 USPQ 367, 370 (CCPA 1971). 

The issue is whether one of skill in the art would understand from the specification that 
the inventors contemplated that dl309 was intended to be a standard against which one can 
measure overexpression. From a review of the specification, there can be no doubt that dl309 
was intended to be just such a standard. This is evident from a reading of the specification at 
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page 12, lines 18-23 and Example 1. At page 12, lines 18-23, the specification defines 
"overexpression of ADP" per se (as opposed to overexpression relative to dB09) to mean that 
more ADP molecules are made in the infected cell relative to previously known adenoviruses. 
Example 1 of the specification tests the four exemplary embodiments of the invention, KD1, 
KD3, GZ1 and GZ3, by comparing their ability to express ADP relative to exemplary previously 
known adenoviruses, including J/01/07, J/309, dl327 and Ad5 (wild type adenovirus). 
Specification at pages 21-25. 

KD1 and KD3 are adenoviral vectors that have the so-called 01/07 mutations in their El 
region that render them replication competent primarily only in neoplastic cells and which 
further contain deletions in their E3 region that up-regulate ADP expression. GZ1 and GZ3 have 
the ADP up-regulating E3 mutations, but do not contain the El region mutations and thus their 
replication is not restricted. Contrary to the Examiner's position in various previous official 
actions, ALL of these vectors, KD1, KD3, GZ1 and GZ3, are representative of the vectors 
embraced by the claims in that all are replication-competent in neoplastic cells and all have E3 
mutations that upregulate ADP expression. 

On page 24 of the specification it is also explained that J/01/07 is the parent vector of 
KD1 and KD3, except without the ADP-upregulating E3 mutations. Thus, J/01/07 is replication- 
restricted to neoplastic cells but do not overexpress ADP. It is also explained that J/309 is the 
parent of all of the exemplary vectors of the invention, except that it contains neither the El 
"replication-restriction" mutations nor the ADP up-regulating E3 mutations. Another control 
vector, J/327, is a negative control in that it lacks the ADP gene altogether. 

The studies reported on page 24 show that each of the exemplary vectors of the invention 
overexpress ADP relative to each of the forgoing vectors. 
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The Examiner's main contention is that the specification allegedly does not state the 
specific words that dl309 is intended to be a control against which the ADP expression of ALL 
vectors of the invention are to be measured. However, it is submitted that a fair reading of the 
specification, from the standpoint of one of skill, is that the vectors were employed in the 
examples - not just example 1, but in generally each of the examples - for the very purpose of 
demonstrating what was intended by "ADP overexpression." Why else were these vectors 
chosen and presented as ADP expression controls and included as such in virtually all of the 
examples? 

b) That the expression of ADP by dl309 or the KD or GZ vectors 
was not measured in terms of molecules of ADP per viral 
genome as per page 12, lines 18-21. 

The issue of whether the specification discloses a calculation of the number of molecules 

of ADP per viral genome is irrelevant to the issue of written description for the rejected phrase, 

which does not call for such a measurement. The phrase simply refers to overepression of ADP 

and the specification describes a number of ways for determining such overexpression, as 

evidenced by Example 1 . 

3. The specification does provide written description support for the 

language "is detectable by western blot, cell lysis, virus release or by cell 
spreading assay" found in claims 32 and 103-106 

The Examiner's main argument, it appears, is that these particular assays for ADP 
expression levels is only found in the examples for measuring ADP expression with respect to 
the four exemplary vectors, KD1, KD3, GZ1 and GZ3, and that thus these assays are allegedly 
not described as a general technique for measuring ADP expression from other vectors within the 
scope of the claims. With respect to cell lysis assay, the specification analyzes the results of that 
assay by observing that the assay shows that "over-expression of ADP increases the rate of cell 
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lysis." Page 25, lines 18-21. Similarly, with respect to the virus release assay, the specification 
shows that the assay is capable of distinguishing between viruses "which overexpress ADP" and 
those "expressing wild-type amounts of ADP." Page 25, lines 28-30. Likewise, with respect to 
the cell spreading assay, the specification uses the assay to measure the ability of viruses to lyse 
cells and spread to newly infected cells and demonstrates "the potency of ADP in mediating . . . 
virus spread in A549 cells." Page 26, lines 5-6. 

With respect to the cell lysis and cell spreading assays, the Examiner states that the 
example "does not suggest that either assay is to be used to determine whether ADP is 
overexpressed by a given adenovirus vector used in the invention." Action at page 5. This is not 
true. The specification, at page 25, lines 20-21, specifically states that "ADP is required for 
efficient cell lysis, and over-expression of ADP increases the rate of cell lysis." This statement is 
a generalized observation that is, on its face, clearly not limited to the exemplary vectors that 
were tested. Furthermore, as explained in the first full paragraph of page 26, the cell spreading 
assay is simply one way of assessing cell lysis ("This result [the cell spreading assay] attests to 
the potency of ADP in mediating cell lysis and virus spread in A549 cells [the target cells used in 
the assay].") 

The Examiner's reliance on the Purdue Pharma case is misplaced. In Purdue Pharma, 
the limitation at issue was the so-called Cmax/C24 ratio which was used in the claims in an attempt 
to define the class of agents that the claim covered. In the specification at issue there, the 
C ma x/C24 ratio was not discussed at all, but merely employed ex post facto to characterize two 
formulations. Nowhere in the patent specification at issue in Purdue was it stated that the 
C max /C24 ratio was intended to be a distinguishing characteristic, with the court characterizing the 



25425786.1 



-10- 



C max /C24 ratio as "...a characteristic that is not discussed even in passing in the disclosure ..."). 

56 U.S.P.Q.2dat 1487. 

In contrast, the issue here is the "overexpressing" language and how to interpret that 

language. There is no question that the specification identifies "overexpression" of ADP as a 

central focus of the invention, and it is identified throughout the specification as a desirable 

quality in virtually all embodiments. The question is merely how the specification teaches to 

measure overexpression, and there are four examples of how to measure overexpression given in 

Example L The Example in no way implies that these four methods are only applicable to KD1, 

KD2, GZ1 and GZ3 - on the contrary, the specification nowhere says that ADP overexpression 

is only desirable for these four vectors, and the examples merely provide an example as to how 

one might proceed to measure ADP expression. 

4. The specification describes the possibility of including more than one of 
the four alternatives (elements a) through d)) for upregulating the 
expression of the adenovirus death protein ("ADP") set forth in claims 
60 and claims depending therefrom (claims 60-75 and 97-100, 102). 

The Action next rejects claim 60, alleging that the specification does not provide support 
for including "more" than one of the indicated adenovirus modifications at a time. Appellants 
traverse this rejection as well. The Board's attention is directed to the specification at page 13, 
lines 2-8, particularly at line 5. Appellants agree with the Action that this excerpt presents these 
four characteristics as alternatives. However, it also presents these characteristics as cumulative 
and combinable, particularly in light of the fact that the specification specifically employs the 
inclusive connector "and" when listing the possible elements. See specification at page 13, line 
5. 
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5. Conclusion 

For the reasons outlined above, the Board is requested to overturn the Examiner's 
positions regarding written description. 

B. Rejection of Claims Under 35 U.S.C. §112, 2 nd Paragraph 

The Final Action next rejects claims 101-102 under 35 U.S.C. §112, 2 nd paragraph, taking 
the position that the phrase "over expresses an adenoviral death protein," renders the claims 
unclear as to the metes and bounds of the claim. The Action queries regarding "overexpresses 
relative to what?" and also states that a "reasonably broad interpretation of these claims would 
suggest any adenovirus carrying ADP operatively linked to its native promoters" would meet the 
limitation of the claims. 

In response to the Action's query regarding "overexpression relative to what," Appellants 
point out that there is a specific definition, at page 12, lines 18-23, for what overexpression is 
measured against in the context of claims such as claims 101-102 that do no specify the reference 
virus. Here it is stated that "'overexpresses ADP' means that more ADP molecules are made per 
viral genome present in a dividing cell infected by the vector than expressed by any previously 
known recombinant adenoviral vector or AAV in a dividing cell of the same type." As already 
discussed above, the specification discloses various assays for determining whether more ADP 
molecules are made per viral genome. 

In light of the very clear definition set forth in the specification, the Action's position that 
a "reasonably broad interpretation of these claims would suggest any adenovirus carrying ADP 
operatively linked to its native promoters" would meet the limitation of the claims, is not 
understood. Such an adenovirus would only meet the limitation of the claims if it was shown to 
express more ADP molecules per viral genome present in a dividing cell infected by the vector 
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than expressed by any previously known recombinant adenoviral vector in a dividing cell of the 
same type. 

For the foregoing reasons, the Board is requested to overturn the Action's rejections in 
this regard. 

C. Rejection of claims 10-13, 32-44, 60, 61, 68, 69, 72-75, 97-99 and 101-108 is 
anticipated by Henderson et al ("Henderson"; Exhibit 1) or Little et aL 
("Little"; Exhibit 2) under 35 U.S.C. §1 12(e) 

The Final Action next rejects claims 10-13, 32-44, 60, 61, 68, 69, 72-75, 97-99 and 101- 
108 as anticipated by Henderson et al ("Henderson"; Exhibit 1) or Little et al ("Little"; Exhibit 
2) under 35 U.S.C. § 102(e). The Action takes the position that Henderson and Little both teach 
an adenovirus, CN751, that has E3 deletions yet retains the ADP gene and thus would be 
expected to overexpress ADP. 

In responding to the rejection, Appellants will provide separate arguments with respect to 
various claims and will group the claims accordingly. 

1. The "Overexpresses ADP" Claims 11- 13, 32-44 and 101-106 

Appellants will first address the anticipation rejection with respect to the "overexpressing 
ADP" claims that have been rejected, which, of those now active, includes claims 11-13, 32-44 
and 101-106. 

a) It is the Examiner 's Burden to Show Anticipation 

The Final Action takes the position that it is the Appellants' burden to demonstrate that 
the CN751 vector of Henderson and Little does not overexpress ADP. Appellants disagree. 
Since this is an anticipation rejection, the Examiner must demonstrate that each and every 
element of the claims is either explicitly or necessarily disclosed in the allegedly anticipatory art. 
That has not been done here. Each of the "overexpresses ADP" claims require overexpression of 
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ADP and there is no teaching anywhere in either Henderson or Little that the vectors they 
describe overexpress ADP, as that term is used. 

The Examiner likens the present situation to the examination of product-by-process 
claims, where the burden is sometimes shifted to applicants due to the fact that the PTO does not 
have the necessary laboratories to carry out processes and compare the product so produced 
against the prior art. However, the situation here is different. The claims specify a particular 
feature that must be possessed to be within the scope of the claim, and the Examiner has 
presented no evidence to suggest that that the prior art has such a property. To shift the burden 
to the applicant, examiner's must provide evidence to demonstrate that the prior art "necessarily" 
has the claimed property. In re Robertson, 169 F.3d 743, 745 (Fed. Cir. 1999). As noted by the 
Federal Circuit, "[i]nherency, however, may not be established by probabilities or possibilities. 
The mere fact that a certain thing may result from a given set of circumstances is not sufficient." 
Id. at 1269, 20 U.S.P.Q.2d at 1749 (quoting In re Oelrich, 666 F.2d 578, 581, 212 U.S.P.Q. 323, 
326 (C.C.P.A. 1981). The Examiner here has not satisfied this burden. 

b) CN751 Does Not Overexpress ADP 

Furthermore, even if the Examiner has shifted the burden to Appellants to demonstrate 
that the prior art does not have the claimed property, it is noted that Appellants have done so. 
Both Henderson and Little teach that CN751 expresses about the same amount of ADP as does 
wild-type adenovirus, and thus cannot be said to overexpress ADP. This can be seen in 
Henderson, for example, at col. 49, lines 6-8. Here it is stated that CN751 kills cells more 
efficiently than an ADP-minus control, but about the same as an ADP-positive wild-type control, 
Rec700. See also Little et al. patent at col. 40, lines 24-26. We know from the present 
specification that cell killing is a good measure of ADP expression. See Example 2. We also 
know that rf/309, the standard against which claim 13 and claims depending therefrom are 
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measured, expresses "wild-type" levels of ADP. Specification at page 25, lines 28-30. Since we 
know from Henderson and Little that CN751 expresses wild-type levels of ADP, and in light of 
the fact that the claims require higher ADP expression that dl309 which expresses wild-type 
levels, it can be concluded that CN751 does not anticipate these claims. 

One of the Action's responses to this argument is that Appellants have allegedly 
"indicated on the record (response filed 1/10/02, page 7) that CN751 would be expected to 
overexpress ADP." Applicant denies that such a representation was made - the statement 
referred to by the Examiner was a recitation of the pending rejection that failed to fully attribute 
the statement to the Examiner. In other words, it was a poorly drafted statement that was never 
intended to make any admission about what the prior art teaches or does not teach, it simply 
failed to attribute the statement to the Examiner, which was what was intended. In any event, the 
question is whether Little or Henderson teaches a vector that overexpresses ADP, and the reality 
is, as explained above, neither reference teaches overexpression of ADP. 

The Action also argues that Henderson/Little teach placing ADP under control of a 
heterologous promoter (tissue specific or viral promoter), or inclusion of multiple copies of 
ADP, and that the use of such a heterologous promoter "would be expected to result in 
overexpression compared to d/309." In response to the Examiner being requested to set forth the 
basis for the conclusion that either of these embodiments would result in overexpression, the 
Action now states that the instant specification teaches, at page 13, that placing ADP under the 
control of a heterologous promoter is one means of achieving ADP overexpression. However, 
this position is insufficient: There are all kinds of heterologous promoters, and Henderson/Little 
are silent as to what kind of heterologous promoter should be used and is silent as to whether the 
ultimate objective is to achieve overexpression, or even that overexpression of ADP is a 
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desirable goal. In contrast, Appellants' specification gives an example of a useful heterologous 

promoter in this regard, the cytomegalovirus promoter. 

For the foregoing reasons, it is evident that the Action fails to make out a prima facie 

anticipation of the ADP overexpression claims. (For the sake of completeness, Applicants also 

incorporate by reference here the comments set forth below with respect to the remaining claims 

alleged to be anticipated). 

c) The Present Inventors Conceived of Vectors that Overexpress 
ADP, and their Use in Cancer Therapy, Before the 
Henderson/Little Priority Date, and Were Diligent in Reducing 
to Practice 

To demonstrate prior conception and diligence to reduction to practice, Appellants have 
attached and will rely on two separate declarations of the inventors now on file, including the 
declaration filed with the response dated 1/6/03 ("Wold I"; Exhibit 4) together with the 
separately bound exhibits A-L to the Wold I declaration, and the supplemental declaration filed 
with the response dated September 3, 2003 ("Wold II"; Exhibit 5). It is noted that the Wold II 
declaration incorporates Wold I in its entirety. See para. 1 of Wold II. The two art references 
relied upon by the Examiner, Little and Henderson, have a priority date of no earlier than March 
3, 1997. 

The Research Proposal, Exhibit B to Wold I 

We would first direct the Board's attention to Exhibit B of Wold I. This document is a 
research proposal dated well prior to 3/3/97, and describes the present inventors' goal of 
preparing adenovirus vectors that overexpress the ADP gene (referred to here as the E3-11.6K 
gene). In section B of the proposal, the inventors describe the preparation of adenovirus mutants 
that express the ADP gene, and describe the function of the ADP gene to promote cell death. 
The inventors note that these earlier studies, using ADP+ and ADP- adenovectors, demonstrated 
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that the ADP gene indeed functioned to promote cell death in infected cells. Based on these 
earlier studies, the inventors concluded that "[s]ince the 1 1.6K protein can promote the cell death 
of adenovirus-infected, it has the potential use as a therapeutic agent to kill cells, e.g. malignant 
cell, in humans." Section B, page 3. Questions are then posed as to how the ADP gene might 
be applied in human therapy - questions that are addressed in remaining portions of the exhibit. 

Turning to page 6 of the Exhibit B research proposal, it is stated that one way to 
potentially achieve this goal is to construct a vector deleted in the El A, E IB and E3 regions, 
wherein the ADP gene is reinserted in an expression cassette driven by the CMV promoter. Page 
6, second full paragraph. Then, in section C.3., beginning on page 7, it is alternatively proposed 
to test the ability of an ADP expressing vector to overexpress the ADP gene (i.e., the 11. 6K 
gene) during early stages of infection by constructing a vector into which the "11. 6K gene will 
be built in" yet which lacks all other E3 region genes and which contains all other adenovirus 
genes. Such vectors are, in essence, the principal exemplary embodiments of the present 
invention. 

Beginning on page 8, section D., the proposal goes on to suggest the preparation of 
vectors that "optimize expression" [viz, "overexpress"] of the ADP gene, and mention the 
possibility of preparing "nondefective" vectors (that is, replication competent vectors). 

On pages 9-10 of the proposal, the inventors indicate that they will test the various 
constructs in animal models to assess their potential efficacy in treating cancer. 

Construction and Testing of KD1 Prior to 3/3/97 

The Wold I declaration provides additional evidence of conception prior to 3/3/97. In 
paragraph 5 of Wold I, the inventors detail the following studies conducted prior to 3/3/97: 
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• the observation that a mutation in the ADP resulted in the slower development of 
infection as compared to vectors having wild-type ADP; 

• the observation that when target cancer vectors prepared with portions of the E3 region 
removed + reinsertion of the ADP gene resulted in larger plaques, and developed plaques 
faster, than wild-type (see third bullet point of paragraph 5); and 

• gel electrophoresis and immunofluorescence studies demonstrating that E3-deleted, ADP 
expressing vectors produced higher levels of ADP than wild-type (fourth bullet point of 
paragraph 5). 

Then, in paragraph 6 of Wold I, the inventors provide details on the construction of an ADP 
overexpressing vector prior to 3/3/97. This is the KD1 vector described in the specification (see, 
e.g., page 22, Table 1) and which comprises the removal of E3 genes and reinsertion of the ADP 
gene. In particular, paragraph 6 and the supporting documentation demonstrates that KD1 was 
actually constructed prior to 3/3/97 and the structure of the E3 region and ADP gene of KD1 was 
as expected (see, e.g., page 4). 

Thus, prior to the filing date of Henderson/Little, the present inventors had conceived of 
the idea of preparing vectors with E3 deletions + reinsertion of the ADP gene for the purpose of 
testing overexpression of ADP and for the purpose of developing a cancer therapeutic. Further, 
they demonstrated that such constructs overexpressed ADP as compared to wild-type and 
actually prepared the KD1 vector prior to that time. All that remained was testing of the KD1 
vector to confirm that it did overexpress ADP (although this had already been shown by them 
with another such vector) and to show its ability to kill cancer cells in animals. Both of these 
objectives were diligently attained by the inventors in very short order. 
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Confirmation that KD1 Overexpressed ADP 

Turning now to paragraph 7 of Wold I, the inventors detail studies on KD1 that were 
conducted in March, April and May of 1997, and present relevant studies that were carried out 
on KD1 and the KD vectors on virtually every day during those months. In particular, it is 
shown that at least as early as 5/9/03 to 5/23/03, the inventors conducted plaque assays on KD1 
which demonstrated that KD-1 overexpressed ADP. See entries on page 8 of Wold I under the 
headings "5/9/97 - 5/23/97" and "5/13/97 - 6/2/97". 

Successful Animal Testing 

The Wold II declaration demonstrates the successful testing of KD1 in an animal having 
cancer. The inventors there show that on July 7, 1997, they sent KD1, dll 101/1 107, dl309, and 
A549 cells to Dr. Jeffrey A. Whitsett at the Children f s Hospital Medical Center, Division of 
Pulmonary Biology, Cincinnati, OH. A copy of the cover letter sent to Dr. Whitsett is attached 
to Wold II as Exhibit M. They state that Dr. Whitsett had agreed to test these vectors on their 
behalf in the A549 nude mouse model, in which A549 human lung carcinoma cells are used to 
establish tumors in nude mice following by injection of the various vectors to determine their 
anticancer efficacy. On September 16, 1997, the inventors received a report from Dr. Whitsett's 
colleague, Lee Zhang, indicating that "10 9 pfu of each of the viruses were injected into each 
established A549 tumor. 4 out of 6 tumors injected with KD1 showed slowed tumor growth 
while 2 out of 2 tumors injected with dl309 and 4 out of 4 injected with dl 1 101/1 107 continued 
to grow." A copy of this fax is attached to Wold II as Exhibit N. 

From the foregoing it is respectfully submitted that conception + diligence to a reduction 
to practice has been shown. 
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In the Final Action, the Examiner raises various points in rebuttal, which Appellants 
would like to address: 

First, in the paragraph bridging pages 10-1 1, the Action states that Exhibit B to Wold I is 
merely a research proposal, that it teaches away from using vectors that are "replication 
competent" in neoplastic cells and that there was no nexus between the Exhibit B proposal and 
KD1. In response, it is submitted that whether or not the exhibit is a research proposal is 
irrelevant where, as here, it denotes the inventor's goal and provides a road map to how they 
planned to achieve that goal. Further, the proposal does suggest the construction of 
"nondefective" replication competent vectors at D.l. on page 8. Lastly, while the proposal does 
not mention KD1 by name, it certainly contemplates the principal attribute of KD1 at issue here 
- that it comprises an E3-deletion with reinsertion of the ADP gene for "optimization" {i.e., 
overexpression) of ADP during early stages of infection (as contrasted with late stages). 

The Action further states that it was not known prior to 3/3/97 whether KD1 
overexpressed ADP. This argument by the Examiner is not particularly relevant in that it 
overlooks the fact that the declaration DOES demonstrate that the inventors had prepared 
OTHER vectors with a deleted E3 region and inserted ADP gene, very similar to KD1, and 
demonstrated that these vectors overexpressed ADP. See bullets 3 and 4 of paragraph 5 of Wold 
I. Thus, it is clear from the evidence that the inventors had constructed other similar vectors 
prior to 3/3/97 that were shown to overexpress ADP, and it is evident that it was their intention 
in preparing KD1 that it have this property as well. It was indeed confirmed to have this 
desirable property within two months of 3/3/97 after diligent work toward this goal. 

The Final Action, at page 11, also takes the position that the declarations do not 
demonstrate conception of the claimed invention as a whole. This argument is disagreed with on 
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at least two bases: one, an antedating declaration under Rule 131 need only show so much as the 
prior art shows, which has been done, and, two, there is no requirement that a Rule 131 
declaration demonstrate a reduction to practice of an entire genus. 

First, the law is clear that a Rule 131 declaration need only show so much as the prior art 
discloses. See, e.g., In re Stempel, 113 U.S.P.Q. 77 (CCPA 1957). Thus, it is submitted that the 
present Applicants carried out in the United States studies that demonstrate the reduction to 
practice of an ADP-overexpressing adenovirus and successful demonstration of tumor growth 
suppression prior to the March, 1998, effective filing date of the CN751 description in 
Little/Henderson. Under the doctrine of In re Stempel, it is submitted that the Little/Henderson 
references have been antedated inasmuch as the Rule 131 showing is at least commensurate in 
scope with that found in the March 1997 and March 1998 respective filing dates of the 
Henderson/Little patents. 

Furthermore, the law is also clear that Rule 131 declarations are not required to set forth a 

reduction to practice across the claimed genus. For example, in In re Hostettler, 148 U.S.P.Q. 

514 (CCPA 1966), the court was adamant in reversing the PTO on this very point: 

Rule 131 requires applicant to make oath to facts showing a completion "of the 
invention." That requirement does not mean affiant must show a reduction to 
practice of every embodiment of the invention. Nor is that requirement 
coextensive with the amount of disclosure necessary to support a claim under 35 
USC 112. 

148 U.S.P.Q. at 516. 

Furthermore, the fact that Appellants' reduction to practice was demonstrated with a 
vector having some differences from CN751 in no way undermines Appellants' claim to priority. 
The fact is, if there are differences, the differences are not relevant to the fundamental issue of 
who first demonstrated reduction to practice of the central concept of expressing or 
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overexpressing ADP from a recombinant adenovirus for the purposes of cancer therapy. That 

showing has clearly been made by the present Applicants. Furthermore, the case law again 

strongly supports our position. For example, In re Clarke, 148 U.S.P.Q. 665 (CCPA 1966), 

presented the situation where the Rule 131 affidavit described embodiments that were similar to 

but distinct from the disclosure contained in the reference at issue. In reversing the Board and 

the examiner, the court observed that: 

We believe that Stempel ... is not limited to the fact situations where the 
inventor can show priority as to the identical compound described in the 
reference. It seems that in an appropriate case as applicant should not be 
prevented from obtaining a patent to an invention where a compound described in 
a reference would have been obvious to one of ordinary skill in that art in view of 
what the affiant proves was completed with respect to the invention prior to the 
effective date of the reference. 

148 U.S.P.Q. at 670. Here, the fact that Applicants' earlier-reduced-to-practice KD1 included 
the 01/07 El mutation in addition to the upregulating ADP/E3 mutations should thus in no way 
detract from the ability of KD1 to effectively antedate a reference teaching the ADP/E3 
mutations without the 01/07 mutations. Stated another way, KD1 would appear to anticipate or 
at least obviate CN751, at least to the extent that both are principally concerned with vectors that 
express ADP as the operative lytic agent. 

d) The Structural Claims - Claims 60, 61, 68, 69, 72-72, 85-87, 89- 
91 and 94-99 

The Action further rejects structural claims 60, 61, 68, 69, 72-72, 85-87, 89-91 and 94-99 
as anticipated by Henderson/Little, noting merely that these claims do not require overexpression 
of ADP. 
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Appellants note first that these claims do not require "overexpression" of ADP and are 
instead directed to the use of vectors having certain structural features. One such feature 
mentioned in independent claim 60 and dependent claim 72. This feature, directed to adenovirus 
vectors that express ADP and which "comprise a deletion in the E3 region that removes a splice 
site for an E3 mRNA," focuses in on vectors exemplified by the preferred KD and GZ vectors. 
The foregoing evidence of conception and reduction to practice, incorporated here by reference, 
applies fully to claims 60 and claims depending therefrom. Furthermore, the fact that these 
claims do not require overexpression renders irrelevant the Examiner's argument that KD1 was 
not shown to overexpress ADP prior to 3/3/97. 

Accordingly, for the foregoing reasons, Applicants respectfully request reconsideration 
and withdrawal of the instant anticipation rejection. 

IX. CONCLUSION 

Appellants have provided arguments that overcome the pending rejections. Appellants 
respectfully submit that the Office Action's conclusions that the claims should be rejected are 
unwarranted. It is therefore requested that the Board overturn the Action's rejections. 

Please date stamp and return the enclose d postc ard to^yidence receipt of this document. 

^spemfullM submitted, 

David L. Parker 
Reg. No. 32,165 
Attorney for Appellants 

Date: July 26, 2004 
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APPENDIX 1 
PENDING CLAIMS 

11. The method of claim 13 wherein the adenovirus death protein comprises SEQ ID 
NO:5, SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID 
NO: 11 or SEQ ID NO: 12. 

12. The method of claim 13, wherein the adenovirus vector comprises a recombinant 
adenovirus lacking expression of at least one E3 protein selected from the group consisting of: 
gpl9K; RIDa; RIDp and 14.7K. 

13. A method for treating cancer in an animal having a tumor comprising 
administering to the tumor an adenovirus vector wherein said adenovirus vector is replication- 
competent in neoplastic cells and overexpresses an adenovirus death protein (ADP), wherein 
overexpression is defined as overexpression relative to <i/309. 

14. The method of claim 13, further comprising the step of passively immunizing the 
animal against the adenovirus vector. 

15. The method of claim 14, wherein the adenovirus vector comprises SEQ ID NO:l 
or SEQIDNO:2. 

20. The method of claim 13, further comprising treating the tumor with radiation. 

21. The method of claim 20 comprising administering more than one distinct type of 
recombinant adenovirus to the tumor and treating the tumor with radiation, wherein at least one 
recombinant adenovirus is replication-defective. 

22. The method of claim 13, further comprising treating the tumor with 
chemotherapy. 
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24. The method of claim 13, further comprising administering to the tumor one or 
more replication-defective adenoviruses, wherein each replication-defective adenovirus 
expresses an anti-cancer gene product, and wherein the adenovirus vector facilitates the spread of 
the replication-defective adenovirus in the tumor. 

32. The method of claim 13, wherein overexpression relative to J/309 is detectable by 
western blot, cell lysis, virus release or by a cell spreading assay. 

33. The method of claim 13, wherein the adenovirus vector lacks expression of at 
least one E3 protein selected from the group consisting of gpl9K, RIDa, RID/3 and 14.7K. 

34. The method of claim 33, wherein the adenovirus vector lacks expression of the 
gpl9K protein. 

35. The method of claim 33, wherein the adenovirus vector lacks expression of the 
RIDa protein. 

36. The method of claim claim 33, wherein the adenovirus vector lacks expression of 
the RID/? protein. 

37. The method of claim 33, wherein the adenovirus vector lacks expression of the 
14.7K protein. 

38. The method of claim 33, wherein the adenovirus vector lacks expression of the 
gpl9K, RIDa, RID/? and 14.7K proteins. 

39. The method of claim 28, wherein the adenovirus vector comprises a deletion in 
the E3 region that removes a splice site for any of the E3 mRNAs. 

40. The method of claim 13, wherein the adenovirus vector comprises at least one 
deletion in the E3 region, wherein the at least one deletion comprises a sequence that encodes at 



least one E3 protein, wherein the protein is selected from the group consisting of gpl9K, RIDa, 
RID& and 14.7K. 

41. The method of claim 40, wherein the at least one deletion comprises a sequence 
that encodes the gpl9K, RIDo; RID/3 and 14.7K proteins. 

42. The method of claim 41, wherein the at least one deletion further comprises a 
sequence that encodes the 6.7K protein. 

43. The method of claim 41, wherein the at least one deletion further comprises a 
sequence that encodes the 1 2. 5K protein. 

44. The method of claim 41, wherein the at least one deletion further comprises a 
sequence that encodes the 6.7K and 12.5K proteins. 

60. A method for treating cancer in an animal having a tumor, the method comprising 
administering to the tumor an adenovirus vector that is replication-competent in neoplastic cells 
and expresses an adenovirus death protein (ADP), wherein: 

a) the ADP is expressed from an ADP coding sequence positioned under the control 
of a promoter other than the endogenous promoters for ADP; 

b) the adenovirus vector comprises a deletion in the E3 region that removes a splice 
site for an E3 mRNA; 

c) the ADP is expressed from an ADP coding sequence flanked by a pre-mRNA 
splicing and cleavage/polyadenylation signal other than the pre-mRNA splicing 
and cleavage/polyadenylation signal normally associated with the ADP gene, 
and/or 

d) the ADP is expressed from an ADP coding sequence that is positioned 
downstream of the coding sequence for another adenovirus mRNA, together with 
a sequence on the 5' side of the ADP coding sequence that allows for internal 
initiation of translation of ADP. 



61. The method of claim 60 wherein the ADP comprises the sequence of SEQ ID 
NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID 
NO: 11 or SEQIDNO:12. 

62. The method of claim 60, further comprising the step of passively immunizing the 
animal against the adenovirus vector. 

63. The method of claim 62, wherein the adenovirus vector comprises SEQ ID NO:l 
or SEQ ID NO:2. 

64. The method of claim 60, further comprising treating the tumor with radiation. 

65. The method of claim 64 comprising administering more than one distinct type of 
recombinant adenovirus to the tumor and treating the tumor with radiation, wherein at least one 
recombinant adenovirus is replication-defective. 

66. The method of claim 60, further comprising treating the tumor with 
chemotherapy. 

67. The method of claim 60, further comprising administering to the tumor one or 
more replication-defective adenoviruses, wherein each replication-defective adenovirus 
expresses an anti-cancer gene product, and wherein the adenovirus vector facilitates the spread of 
adenoviruses in the tumor. 

68. The method of claim 60, wherein the ADP is expressed from an ADP coding 
sequence positioned under the control of promoter other than the endogenous promoters for 
ADP. 

69. The method of claim 68, wherein the ADP coding sequence is positioned under 
the control of a promoter that is exogenous to adenovirus. 



70. The method of claim 60, wherein the ADP coding sequence is positioned behind a 
coding sequence for another adenovirus mRNA together with a sequence on the 5' side of the 
ADP coding sequence that allows for internal initiation of translation of ADP. 

71. The method of claim 70, wherein the sequence on the 5' side of the ADP coding 
sequence that allows for internal initiation of translation of ADP is an Ad tripartite leader or a 
viral internal ribosome initiation sequence. 

72. The method of claim 60, wherein the adenovirus vector comprises a deletion in 
the E3 region that removes a splice site for an E3 mRNA. 

73. The method of claim 72, wherein the adenovirus vector lacks expression of at 
least one E3 protein selected from the group consisting of gpl9K, RIDa; RID/3, and 14.7K. 

74. The method of claim 73, wherein the adenovirus vector lacks expression of each 
of gpl9K, RIDa, RID/3, and 14.7K. 

75. The method of claim 74, wherein the adenovirus additionally lacks expression of 
the E3 6.7K and 12.5K proteins. 

97. The method of claim 60, wherein the adenovirus vector is an Adl, Ad2, Ad5 or 
Ad6 vector. 

98. The method of claim 60, wherein the adenovirus vector is administered to the 
tumor by injection of vector intravenously or intrathecally. 

99. The method of claim 60, wherein the adenovirus vector is administered to the 
tumor by direct injection of the tumor. 

100. The method of claim 60, wherein the animal is passively immunized against the 
recombinant adenovirus. 



101. A method for treating cancer in an animal having a tumor, the method comprising 
administering to the tumor an adenovirus vector wherein said adenovirus vector is replication- 
competent in neoplastic cells and overexpresses an adenovirus death protein (ADP). 

102. A method for treating cancer in an animal having a tumor, the method comprising 
administering to the tumor an adenovirus vector wherein said adenovirus vector is replication- 
competent in neoplastic cells and overexpresses an adenovirus death protein (ADP), wherein 
overexpression is effected by one of more of the following modifications: 

a) the ADP is expressed from an ADP coding sequence positioned under the control 
of a promoter other than the endogenous promoters for ADP; 

b) the adenovirus vector comprises a deletion in the E3 region that removes a splice 
site for an E3 mRNA; 

c) the ADP is expressed from an ADP coding sequence flanked by a pre-mRNA 
splicing and cleavage/polyadenylation signal other than the pre-mRNA splicing 
and cleavage/polyadenylation signal normally associated with the ADP gene, 
and/or 

d) the ADP is expressed from an ADP coding sequence that is positioned 
downstream of the coding sequence for another adenovirus mRNA, together with 
a sequence on the 5' side of the ADP coding sequence that allows for internal 
initiation of translation of ADP. 

103. The method of claim 32, wherein the overexpression relative to a control virus is 
detectable by western blot 

104. The method of claim 32, wherein the overexpression relative to a control virus is 
detectable by cell lysis 

105. The method of claim 32, wherein the overexpression relative to a control virus is 
detectable by virus release 



106. The method of claim 32, wherein the overexpression relative to a control virus is 
detectable by a cell spreading assay. 

107. The method of claim 60, wherein the animal is a human. 

108. The method of claim 13, wherein the animal is a human. 
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A Novel Three-Pronged Approach to Kill Cancer Cells 
Selectively: Concomitant Viral, Double Suicide 
Gene, and Radiotherapy 
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ABSTRACT 

Two obstacles limiting the efficacy of nearly all cancer gene therapy trials are low gene transduction effi- 
ciencies and the lack of tumor specificity. Recently, a replication-competent, ElB-attenuated adenovirus 
(ONYX-015) was developed that could overcome these limitations, because it was capable of efficiently and 
selectively destroying tumor cells lacking functional p53. In an attempt to improve both the efficacy and safety 
of this approach, we constructed a similar adenovirus (FGR) containing a cytosine deaminase (CD)/herpes 
simplex virus type-1 thymidine kinase (HSV-1 TK) fusion gene, thereby allowing for the utilization of dou- 
ble-suicide gene therapy, which has previously been demonstrated to produce significant antitumor effects 
and potentiate the therapeutic effects of radiation. The FGR virus exhibited the same tumor cell specificity 
and replication kinetics as the ONYX-015 virus in vitro. Importantly, both the CD/5-FC and HSV-1 TK/GCV 
suicide gene systems markedly enhanced the tumor cell-specific cytopathic effect of the virus, and, as expected, 
sensitized tumor cells to radiation. By contrast, neither the FGR virus nor either suicide gene system showed 
significant toxicity to normal human cells. Both suicide gene systems could be used to suppress viral replica- 
tion effectively, thereby providing a means to control viral spread. The results support the thesis that the 
three-pronged approach of viral therapy, suicide gene therapy, and radiotherapy may represent a powerful 
and safe means of selectively destroying tumor cells in vivo. 



OVERVIEW SUMMARY 

In this study, we examine the hypothesis that expression of 
a CD/HSV-1 TK fusion gene may improve both the efficacy 
and safety of cancer therapies involving replication-compe- 
tent, ElB-attenuated adenoviruses. Both the CD/5-FC and 
HSV-1 TK/GCV suicide gene systems markedly enhanced 
the tumor cell-specific cytopathic effects of such viruses and 
sensitized tumor cells to radiation. Neither the virus nor the 
suicide gene systems showed significant toxicity to normal 
human cells. Both suicide gene systems were effective at sup- 
pressing viral replication, thereby providing a safety mech- 
anism to halt virus spread. We propose that the three- 
pronged approach of viral therapy, suicide gene therapy, 
and radiotherapy may ultimately prove to be a safe and ef- 
fective means of selectively destroying tumor cells in vivo. 



INTRODUCTION 

Despite advances in both diagnosis and therapy, the an- 
nual number of cancer-related deaths has not decreased 
during the past 60 years. Although conventional cancer thera- 
pies (surgery, radiotherapy, chemotherapy) produce a high rate 
of cure for patients with early-stage disease, many cancers re- 
cur and the majority of patients with advanced cancer eventu- 
ally succumb to the disease. The limitations of conventional 
cancer therapies do not derive from their inability to ablate tu- 
mor, but rather from limits, on their ability to do so without ex- 
cessively damaging the patient. It is this consideration that con- 
strains the extent of surgical resection, the dose of radiation and 
volume to be irradiated, and the dose and combination of 
chemotherapeutic drugs. Improving the effectiveness of a treat- 
ment is of no clinical value if there is no significant increase 
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in the differential response between tumor and normal tissue 
(i.e., the therapeutic index). 

As a means of increasing the therapeutic index, several new 
approaches involving gene therapy are under development. One 
of these approaches, suicide gene therapy, involves the transfer 
and expression of nonmammalian genes encoding enzymes that 
convert nontoxic prodrugs into toxic antimetabolites. Two sui- 
cide genes currently being tested in clinical trials are the Es- 
cherichia coli cytosine deaminase (CD) and herpes simplex type- 
1 thymidine kinase (HSV-1 TK) genes, which confer sensitivity 
to 5-fluorocytosine (5-FC) and ganciclovir (GCV), respectively 
(DeCIercq, 1984; Calabresi and Chabner, 1990). The rationale 
behind the suicide gene therapy approach is that, following tar- 
geted transfer of these genes to the tumor site, only the tumor 
and neighboring cells (via bystander effects) will be rendered 
sensitive to their cytotoxic action. Thus, with this approach, sys- 
temic toxicity commonly associated with, and a major limitation 
of, conventional chemotherapy [e.g. 5-fluorouracil (5-FU)] is 
avoided. We (Rogulski et al, 1997b) and others (Moolten and 
Wells, 1990; Moolten, 1994; Ezzeddine et al, 1991; Culver et 
al., 1992; Mullen et al, 1992, 1994; Huber et al, 1993, 1994; 
Takamiyaera/., 1993; Chen etal, 1994; Hirschowitzefa/., 1995; 
Richards et al, 1995; Cool et al, 1996; Dong et al, 1996; 
Ohwada et al, 1996) have demonstrated the efficacy and safety 
of suicide gene therapy in animal models. Using retrovirally 
transduced cells, we have achieved 100% regression of very large 
intramuscular tumors (3 cm 3 ) using the CD/5-FC and HSV-1 
TK/GCV systems simultaneously with no side effects (Rogulski 
et al, 1997b). It is noteworthy that the size of these experimen- 
tal tumors is within the range of those observed in human can- 
cer patients. These results give us reason to believe that the sui- 
cide gene therapy approach could be efficacious against some 
human tumors providing that the genes can be delivered effi- 
ciently to the tumor site. Unfortunately, a current limitation of 
nearly all cancer gene therapy approaches is that the efficiency 
at which therapeutic genes can be delivered in vivo is too low to 
make them efficacious against most human cancers. 

A novel approach with much potential is the use of replica- 
tion-competent, mutant adenoviruses that preferentially replicate 
in tumor cells (Bischoff et al, 1996; Heise et al, 1997). The pro- 
totype ONYX-015 is a replication-competent mutant adenovirus 
that fails to express the 55-kD E1B protein, which binds to and 
inactivates the cellular tumor suppressor p53 (Yew and Burke, 
1992). As a result, this virus replicates in, and preferentially kills, 
cells lacking functional p53. The strength of this approach is that 
it exploits a major biological difference between normal and tu- 
mor cells, which should result in an increase in the therapeutic 
index. Moreover, the replication capacity of the virus should dra- 
matically increase the efficiency of its antitumor effect. How- 
ever, despite its noted strengths, this approach has limitations. 
For example, there is no reason to think that E IB-attenuated 
viruses, such as ONYX-015, could selectively destroy tumors 
cells containing functional p53. This point may be important, be- 
cause many human tumors exhibit significant intratumoral het- 
erogeneity with respect to p53 status (Mirchandani et al, 1995; 
Yang et al, 1996). Because adenoviruses are immunogenic, this 
approach will elicit an immunological response that may not only 
attenuate its antitumor effects, but may also preclude repeated 
doses. Finally, the ability of the virus to replicate, albeit ineffi- 



ciently, in normal human cells, may raise concerns regarding the 
safety of this approach. Thus, it would be desirable to combine 
this approach with one that could (i) expand the spectrum and 
tumor cell types that it would be effective against, (ii) increase 
its therapeutic efficacy per dose, and (iii) control the replication 
and spread of the virus. 

With these goals in mind, we developed a replication-com- 
petent, E IB-attenuated adenovirus similar to ONYX-015 that 
contains a CD/HSV-1 TK fusion gene. We demonstrate here 
that this virus exhibits all the advantages of the ONYX-015 
virus, but in addition, is improved significantly in both efficacy 
and safety. 



MATERIALS AND METHODS 

Plasmids, viruses, antibodies, and cell lines 

All plasmids containing adenoviral sequences used in the con- 
struction of a replication-competent, ElB-attenuated adenovirus 
containing a CD/HSV-1 TK fusion gene (FGR) were obtained 
from Microbix (Toronto, Canada). Construction and character- 
ization of the CD/HSV-1 TK fusion gene has been previously 
described (Rogulski et al, 1997a). Wild-type adenovirus type 5 
and ONYX-015 were obtained from ONYX Pharmaceuticals 
(Richmond, CA). U251, DU145, PC-3, HT29, and MRC-5 cells 
were obtained from the American Type Culture Collection 
(ATCC). 293 cells were obtained from Microbix. Antibodies to 
the adenovirus type 2 E1A (sc-430) and 55-kD E1B (DP08) pro- 
teins were obtained from Calbiochem (LaJolla, CA). 

Construction of FGR and production of adenoviruses 

The wild-type El region from bases 343 to 2,270 was gen- 
erated by the polymerase chain reaction (PCR) using pXCl (Mi- 
crobix) as template. The resulting 1 ,928-bp fragment contained 
Bam HI restriction sites at each end, a Bgl II restriction site 5' 
to the 3' Bam HI site, and two mutations at bases 2,253 (C — ► 
T) and 2,262 (G — > T) generating premature translation stop 
codons in the 55-kD E1B reading frame at codons 79 and 82, 
respectively. The PCR fragment was digested with Bam HI and 
cloned into the 6.4kb fragment of pCA14 (Microbix) generat- 
ing pCA14-ElaElb. The CD/HSV-1 TK fusion gene was re- 
moved from pWZLneoCDglyTK (Rogulski et al, 1997a) by a 
partial Bam Hl~Eco RI digestion and cloned between the Bam 
HI and Eco RI sites of pCA14 generating pCA14-CDglyTK. 
The entire expression cassette, containing the cytomegalovirus 
(CMV) promoter, CDglyTK fusion gene and SV40 polyadeny- 
lation elements, we removed from pCA14-CDglyTK by Bgl II 
digestion. The 3.1-kb fragment was cloned into the sole Bgl II 
site of pCA14-ElaElb generating pCA14-ElaElb/CDglyTK. 
Both pCA14-ElaElb/CDglyTK and pCA14-CDglyTK were 
linearized with P vu I and co-transfected with Cla I-linearized 
pBHGlO (Microbix) into 293 cells to generate the FGR virus 
and its replication-defective counterpart (Ad5-CDglyTK). Iso- 
lated plaques were picked 10-14 days later and plaque-purified 
on 293 cells a second time. All viruses were propagated in 293 
cells to generate crude viral supernatants (titers 20-20 X 10 8 
pfu/ml) or CsCl gradient-purified virus (titers 5-50 X 10 u 
pfu/ml). All viral preparations were assayed for their ability to 
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replicate in and lyse non-ElA-expressing cells, for genome in- 
tegrity and stability by Southern blotting, and for expression of 
the CDglyTK fusion gene by Western blotting and immuno- 
fluorescence. 

Western blotting 

Cells (1 X 10 6 , 60-mm dish) were infected with the various 
crude viral supernatants at an multiplicity of infection (moi) of 
10 in 0.2 ml of Dulbecco's modified Eagle's medium (DMEM). 
After 1 hr, fresh growth media was added. Eighteen hours post- 
infection, cells were lysed in Laemmli sample buffer. Samples 
(15 /xl) containing protein from 3 X 10 5 cells were applied to 
a SDS-10% polyacrylamide gel and transferred to nitrocellu- 
lose using standard procedures. Blots were probed with a poly- 
clonal antibody directed against the adenovirus type 2 El A pro- 
tein (sc-430). Antibody binding was visualized using standard 
chemilluminescence procedures. 

Cytosine deaminase assays and immunofluorescence 

Cells (1 X 10 6 , 60-mm dish) were harvested 48 hr post ade- 
noviral infection. Cell extracts were prepared and cytosine 
deaminase (CD) assays performed as previously described 
(Rogulski et aL, 1997a). For each reaction, 50 fxg of protein 
was used. For CD immunofluorescence, tumors were excised, 
frozen, and sectioned. Samples were placed on glass slides, 
fixed in methanol, and washed thoroughly with phosphate- 
buffered saline (PBS). Samples were incubated with a poly- 
clonal antibody to E. coli CD (provided by C. Richards, Glaxo- 
Wellcome), followed by a Texas Red-conjugated donkey 
anti-rabbit antibody. Samples were stained with DAPI and pho- 
tographed using an Olympus fluorescent microscope. 

Immunoprecipitation 

For immunoprecipitation of the adenovirus 55-kD E1B pro- 
tein, cell monolayers were incubated in 4 ml of DMEM con- 
taining 2% dialyzed fetal calf serum (FCS) and 100 /xCi/ml 
[ 35 S]methionine/cysteine (ICN, TRANS 35 SLABEL; 1,439 
Ci/mmol) for 2 hr beginning 16 hr post-infection. Cell mono- 
layers were washed with PBS and lysed directly in 1 ml of 
RIPA buffer (9.1 mM NaHP0 4 , 1.7 mM NaH 2 P0 4 , 150 mM 
NaCl, 1% Nonidet P-40, 0.5% Na deoxycholate, 0.1% SDS pH 
7.4). Cell extracts were clarified by microcentrifugation, and 
preabsorbed with 1 /-ig of normal rabbit serum and 20 yA of 
Protein A/G PLUS Agarose (Santa Cruz Biotechnology Inc.). 
One microgram of the monoclonal anti-55-kD E1B antibody 
(DP08) was added to 0.5 ml of clarified cell extract and incu- 
bated on ice for 1 hr. Twenty microliters (20 /d) of Protein A/G 
PLUS Agarose was added and the sample was incubated at 4°C 
for 1 hr with constant mixing. The immunoprecipitates were 
collected by microcentrifugation and washed four times with 1 
ml of RIPA buffer followed by one wash with 1 ml of PBS. 
The final pellet was resuspended in 40 /xl of Laemmli sample 
buffer, heated at 100°C for 5 min, and the agarose was pelleted 
by microcentrifugation. Twenty microliters of the supernatant 
fractions were applied to an SDS-10% polyacrylamide gel and 
the dried gel were subjected to autoradiography. 



Cytopathic effect (CPE) 

To compare the viral cytopathic effects, cells (10 5 /well, 24- 
well plate) were either mock-infected, or infected with in- 
creasing moi in 0.2-0.4 ml of DMEM. After 1 hr, the virus was 
removed and cells were incubated in DMEM containing 10% 
FCS (growth medium). Duplicate plates were fixed and stained 
with crystal violet either 5 or 9 days post-infection. For pro- 
drug sensitivity assays, cells (1 X 10 6 , 60-mm dish) were ei- 
ther mock-infected, or infected with virus at an moi of 10. Af- 
ter 1 hr, the cells were detached and replated (2 X 10 4 
cells/well, 24- well plates) in either growth medium, or growth 
medium containing varying concentrations of prodrugs (GCV 
and/or 5-FC). The media was changed every 2 days. Duplicate 
plates were fixed and stained with crystal violet either 5 or 9 
days later. To quantify the cytopathic effect, cells were replated 
in triplicate at low density (10 4 and 10 3 cells/60-mm dish) im- 
mediately following infection. Colonies were fixed, stained 
with crystal violet, and counted 7-10 days later. 

Assay for viral replication 

Cells (1 X 10 5 /well, 24-well plate) were either mock-in- 
fected, or infected at an moi of 10 in 0.2 ml of DMEM. After 
1 hr, the vims was removed and cells were incubated in DMEM 
containing 10% FCS. Cells were harvested every day there- 
after by lysing them in 0.4 ml of 10 mM Tris-HCl pH 7.5, 10 
mM NaCl, and 0.6% SDS. Genomic DNA was precipitated by 
the addition of 0.1 ml of 5 M NaCl and incubation at 4°C 
overnight. Following microcentrifugation, the supernatant 
fractions were extracted with phenol, CHC1 3 , and viral DNA 
was precipitated with ethanol. Samples were digested with 
Hind III and analyzed by Southern blotting using standard tech- 
niques. The blots were probed with [ 32 P]pBHG10 (Microbix), 
which detects all but the left-most Hind III fragment of all the 
viruses. To monitor prodrug inhibition of viral replication, cells 
(1 X 10 6 , 60-mm dish) were infected with FGR at a moi of 10 
and immediately replated (2 X 10 4 cells/well, 24-well plate) in 
varying concentrations of prodrugs. Cells were harvested 48 
hr post-infection and processed for Southern blot analysis as 
described above. 

Radiosensitivity experiments 

DU145 and U251 cells (2 X 10 5 cells/welt, 6 well plate) were 
either mock-infected, or infected with FGR at a moi of 1. Cells 
were incubated in growth medium for 48 hr to allow for viral 
replication and expression of the CD/HSV-1 TK fusion gene. 
The medium was then replaced with normal growth medium or 
medium containing either 40 /-tg/ml of 5-FC or 0. 1 /-ig/ml of 
GCV. After 24 hr, cells were exposed to a single dose of y-ir- 
radiation (0-6 Gy). Cells were immediately replated in tripli- 
cate at low density (1 X 10 4 and 1 X 10 3 cells/60-mm dish) in 
growth medium. Colonies were fixed, stained with crystal vio- 
let, and counted 7-10 days later. The sensitizer enhancement 
ratio (SER) represents the ratio between the D 0 of radiation 
alone and the D 0 for radiation plus virus and prodrugs. Cell sur- 
vival data were analyzed using a nonlinear least square algo- 
rithm (Albright, 1987). Radiation cell survival curves were fit 
using the Single-Hit Multi-Target (SHMT) model. 
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RESULTS 

Characterization of replication-competent, E1B- 
attenuated adenovirus containing CD/HSV-1 
TK fusion gene 

A schematic representation of the El region of our replication- 
competent, ElB-attenuated adenovirus containing the CD/HSV- 
1 TK fusion gene (FGR) is shown in Fig. 1. Expression of the 
CDglyTK gene (Rogulski et al, 1997a) is driven by the human 
CMV promoter and utilizes simian virus 40 (SV40) polyadeny- 
lation elements. The entire expression cassette is situated within 
an intron in the adenovirus E1B region immediately downstream 
of the 19-kD E1B gene. FGR expresses the wild- type adenovirus 
type 5 El A and 19-kD E1B proteins. Two premature translation 
stop codons were placed in the 55-kD E1B gene that would re- 
sult in the production of a truncated 78-amino acid protein. This 
truncated protein does not contain the p53 binding domain (amino 
acids215-354, Yew and Burke, 1992; Kaoe/a/., 1990), and there- 
fore cannot interact with p53. FGR also contains a 2.68-kb dele- 
tion in the E3 region (bases 28,133-30,181). 

To demonstrate that FGR had the expected properties, virus- 
infected DU145 prostate adenocarcinoma cells were examined 



for expression of the El A and 55-kD E1B proteins, virus repli- 
cation, and CD activity {i.e., expression of the CDglyTK fusion 
protein). FGR produced similar amounts of the El A proteins 
as wild-type adenovirus type 5 and ONYX-015 (Fig. 2A). How- 
ever, like ONYX-015, it failed to express the 55-kD E1B pro- 
tein (Fig. 2B). FGR replicated in DU145 cells with kinetics sim- 
ilar to that of wild-type adenovirus and ONYX-015 (Fig. 2C); 
however, it and ONYX-015 replicated slightly slower than 
wild-type virus in most other tumor cell types examined (e.g., 
U251, HT-29; not shown). The titer (pfu) of virus produced in 
one cycle "burst" assays correlated well with the steady-state 
levels of viral DNA observed in the Southern blots (not shown). 
The replicative capacity of FGR subsequently resulted in high 
expression of the CDglyTK fusion protein as determined by CD 
assays. Seventy-two hours post-infection, FGR expressed the 
CDglyTK protein at a level 50-fold greater than a stably, retro- 
virally transduced cell line and 300-fold greater (after correct- 
ing for differences in moi) than cells infected with Ad5- 
CDglyTK, a replication-defective version of FGR (Fig. 2D). 
This clearly illustrates the advantage of a replication-competent 
adenovirus over a nonreplicating adenovirus (i.e., greater ther- 
apeutic gene expression per dose). 

To demonstrate that FGR, like ONYX-015, preferentially 
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FIG. 1. Schematic representation of the El region of FGR. All numbers indicate base positions of the wild-type adenovirus 
type 5 sequence. The natural 19-kD E1B translation stop codon and the two engineered premature stop codons in the 55-kD E1B 
reading frame are indicated. Horizontal arrows indicate E1A, E1B, and CMV transcription initiation sites. The caret indicates the 
intron in the El B region into which the CD/HSV-1 TK expression cassette was cloned. Solid black boxes in the CD/HSV-1 TK 
fusion gene represent the CMV promoter or SV40 polyadenylation elements, and the open box indicates the region coding for 
the polyglycine linker. SD, Splice donor site. 
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FIG. 2. Characterization of FGR. A. Expression of adenovirus 
El A proteins. DU145 cells were either mock- infected, or infected 
with virus at an moi of 10. Cells were harvested 18 hr later and 
examined for El A expression by Western blotting. The migration 
of the El A proteins is indicated. Numbers on the left indicate mol- 
ecular weight markers in kilodaltons. B. Expression of adenovirus 
55-kD E1B protein. DU145 cells were either mock-infected, or 
infected with virus at an moi of 10. Cells- were labeled with 
[ 35 S]methionine, and the 55-kD E1B protein was immunoprecip- 
itated from cell extracts. Immunoprecipitates were analyzed on a 
SDS-10% polyacrylamide gel. The migration of the 55-kD E1B 
protein is indicated. Numbers on the left indicate molecular weight 
markers in kilodaltons. C. Comparison of viral replication. DU145 
cells were either mock-infected or infected with virus at an moi 
of 10. Cells were harvested every day thereafter, and low-mole- 
cular-weight DNA was isolated. DNA was digested with Hind UJ 
and subected to Southern blot analysis. The 32 P-labeled probe con- 
tained adenovirus type 5 sequences from base 1,340 to the right 
end and detects all but the left hand-most Hind HI fragment of 
the viruses. D. Comparison of CD expression among various 
viruses. DU145 cells were either mock-infected, or infected with 
FGR at an moi of 10 or a replication-defective version of FGR 
(Ad5-CDglyTK) at mois of 10 and 100. Cells were harvested 72 
hr later and examined for CD activity. All CD assays contained 
50 fxg of protein, except for FGR (moi = 10, 10%) and FGR 
(moi = 10, 1%), which contained 5 fjug and 0.5 fig, respectively. 
For comparison, CD expression in adenovirus-infected cells is 
compared to a pooled, G418-selected DU145 cell line (retrovirus) 
that expresses the CDglyTK fusion protein from a stably inte- 
grated murine provirus (Rogulski et aL, 1997a). The [ 14 C]uracil 
product and [ 14 C]cytosine substrate are indicated. The transduc- 
tion efficiency of DU145 cells at the various mois are as follows: 
Ad5-CDglyTK, moi = 10, 20-30%; Ad5-CDglyTK, moi = 100, 
100%; FGR, moi = 10, 20-30%. 



killed tumor cells lacking functional p53, DU145 (human prostate 
adenocarcinoma, mutant p53), U251 (human glioblastoma, mu- 
tant p53), and MRC-5 cells (human diploid fibroblasts, wild-type 
p53) were infected with graded doses of ONYX-015 and FGR 
and the resulting cytopathic effect was scored 9 days later (Fig. 
3). FGR lysed DU145 and U251 cells with efficiencies identical 
to ONYX-015. DU145 cells were more sensitive to both viruses 
than U251 cells. By contrast, both viruses produced only mini- 
mal cytopathic effects with MRC-5 cells (at high mois and after 
prolonged periods). Thus, FGR (and ONYX-015) is able to kill 
tumor cells containing mutant p53 under conditions where it 
demonstrates no cytopathic effect on normal cells. 

Enhancement of the viral cytopathic effect by the 
CDI5-FC and HSV-1 TKIGCV suicide gene systems 

To determine whether the CD/5-FC and HSV-1 TK/GCV 
suicide gene systems could enhance the viral cytopathic effect, 
cells were infected with FGR and exposed to increasing con- 
centrations of 5-FC, GCV, or both 5-FC and GCV. The cyto- 
pathic effect was scored qualitatively by staining cells 5-9 days 
post-infection and quantitatively by clonogenic assays. For 
U251 cells, both the CD/5-FC and HSV-1 TK/GCV systems 
increased the cytopathic effect of the virus in a prodrug con- 
centration-dependent manner (Fig. 4A,- top). Whereas FGR 
alone consistently produced about 1 log cell kill in clonogenic 
assays, 5-FC (>50 /^g/ml) and GCV (>0.5 /xg/ml) each in- 
creased the cytotoxic effect by an additional log (Fig. 4B). The 
effect of FGR on DU145 cells was so potent that it masked the 
cytopathic effects of the suicide gene systems (not shown). 
Therefore, we performed similar experiments using another 
well-characterized human prostate adenocarcinoma cell line, 
PC-3 (null p53), which is rather resistant to both FGR and 
ONYX-015. Similar to U251 cells, the CD/5-FC suicide gene 
system dramatically increased the observed cytopathic effect 
relative to that of FGR alone (Fig. 4A, middle). However, no 
increase was observed with the HSV-1 TK/GCV system up to 
concentrations of 1.0 jug/ml GCV. Thus, at least one suicide 
gene system was able to elicit a pronounced cytopathic effect 
with a tumor cell line that is very resistant to these lytic viruses. 
Similar results were obtained with the human glioblastoma line 
LN-Z308 (null p53), which also proved to be resistant to these 
lytic viruses (not shown). Importantly, when used indepen- 
dently, neither suicide gene system had any significant effect 
on MRC-5 cells except at the highest (100 /xg/ml) 5-FC con- 
centration used (Fig. 4A, bottom). 

CD/5-FC and HSV-1 TK/GCV suicide gene systems 
markedly inhibit viral replication 

Because both the CD/5-FC and HSV-1 TK/GCV systems ex- 
ert their cytotoxic effect by inhibiting DNA replication either di- 
rectly (HSV-1 TK/GCV) or indirectly (CD/5-FC), we examined 
whether these systems could be used to inhibit viral replication. 
Shortly after FGR infection, cells were plated in increasing con- 
centrations of prodrugs and adenoviral DNA was isolated 2 days 
later and subjected to Southern blot analysis (Fig. 5). Both sui- 
cide gene systems markedly inhibited viral replication. However, 
in all cell lines tested (U251, DU145, HT29), the HSV-1 
TK/GCV system was approximately 1,000-fold more effective 
on a prodrug concentration basis. This may, in part, be explained 
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by the fact that the HSV-1 TK/GCV system inhibits DNA repli- 
cation directly at the level of chain elongation, whereas the CD/5- 
FC system depletes dTMP precursor pools. Interestingly, a dra- 
matic enhancement of the viral cytopathic effect was observed 
(Fig. 4A) even at prodrug concentrations that markedly inhibited 
replication of the virus (for U251 cells: >50 fig/rrA 5-FC and 
>0.1 /xg/ml GCV). These results argue that in such cases, the 
cytopathic effect due to the suicide gene systems is much more 
potent than that of the virus itself. 

Radiosensitization by FGR and prodrugs 

Previously, we demonstrated that the CD/5-FC and HSV- 
1 TK/GCV suicide gene systems could, independently, po- 
tentiate the killing effects of radiation in vitro (Kim et aL, 
1994, 1995, 1997; Khil et aL, 1996; Rogulski et aL, 1997a) 
and in vivo (Rogulski et aL, 1997b) (i.e., radiosensitivity). 
Even greater radiosensitivity was observed when both suicide 
gene systems were used together (Rogulski et aL, 1997a). A 
tremendous strength of the combined suicide gene therapy/ra- 
diotherapy approach is that because neither prodrug (5-FC 
and GCV) is toxic and it is possible to focus a radiation beam 
on a very small area in three-dimensional space, it allows for 
a high degree of tumor cell kill while minimizing damage to 
normal tissues. Thus, we examined whether these suicide 
gene systems, when used in the context of a replicating ade- 
novirus, could radiosensitize tumor cells in vitro. It is im- 
portant to note that, because these experiments would employ 
up to three modalities — viral therapy, suicide gene therapy, 
and radiotherapy — each of which when used independently 
under optimal conditions can generate between 1 and 4 logs 
of cell kill depending on the cell type, it was necessary to use 
suboptimal amounts of virus and prodrugs to be able to quan- 
tify the radiosensitization effect. Thus, the effects described 
below are likely to represent only a fraction of what could be 
achieved under optimal conditions. 

DU145 and U251 cells were either mock-infected, or in- 
fected with FGR at an moi of 1 . Two days later, they were ex- 
posed to 40 /xg/ml 5-FC or 0.1 jig/ml GCV for 24 nr. Cells 
then received a single dose of y-irradiation (0-6 Gy) and were 
immediately replated for clonogenic assays. Nine days later, 
colonies were scored and cell survival curves generated. A 
change in the slope of the cell survival curve relative to radia- 
tion alone indicates radiosensitization. 

Both the CD/5-FC and HSV-1 TK/GCV suicide gene sys- 
tems radiosensitized DU145 and U251 cells (Fig. 6A,B), yield- 
ing sensitivity enhancement ratios (SERs) in the range of 
1.6-3.1. By contrast, FGR alone resulted in no radiosensitiza- 
tion, indicating that the combined toxic effects of the replicat- 
ing virus and radiation are additive. Thus, even under subopti- 
mal conditions, both suicide gene systems could, in a synergistic 
manner, enhance the killing effects of radiation when expressed 
in the context of a replicating adenovirus. 

FGR infection of tumors in vivo 

To estimate the efficiency at which FGR could infect 
and spread in tumors, HT-29 tumors (human colon adeno- 
carcinoma, mutant p53) were injected with FGR and tumors 



were excised and examined for CD expression by immuno- 
fluorescence. Although the level of CD expression varied 
from cell to cell, the results demonstrated that approximately 
20-30% of tumor cells expressed the CD gene product (Fig. 
7). As expected, the highest CD expression occurred in cells 
surrounding the injection site. Similar results were obtained 
with U251 tumors (human glioblastoma, mutant p53; not 
shown). Thus, it is possible to achieve significant infection 
of tumor cells in vivo using relatively small amounts of the 
FGR virus. 



DISCUSSION 

The results presented here demonstrate that suicide gene ther- 
apy can enhance the therapeutic effects of viral therapy in a tu- 
mor cell-specific manner. The therapeutic effect of these com- 
bined modalities can be further enhanced by coupling them with 
radiotherapy. Although it was not possible to quantify the ef- 
fectiveness of this three-pronged approach under optimal con- 
ditions in vitro, it is noteworthy that each modality alone can 
achieve between 1 and 4 logs of cell kill under optimal condi- 
tions depending on the tumor cell type. Thus, even if the com- 
bined cytotoxic effects of these modalities was simply additive 
under optimal conditions, it should be possible to achieve very 
significant cell kill when these three modalities are used si- 
multaneously. That suicide gene therapy and radiotherapy in- 
teract to produce a synergistic enhancement of cell kill may 
make the combined therapeutic effect even greater. Thus, the 
three-pronged approach described here (Fig. 8) may prove to 
be a very powerful means of destroying cancer cells in vivo. 

Despite its potential, however, improving the effectiveness 
of a treatment is of no clinical value if there is no significant 
increase in the therapeutic index, the differential response be- 
tween tumor and normal tissue. When taking this important 
point into consideration, the three-pronged approach described 
here fares well. As demonstrated previously (Bischoff et aL, 
1996; Heise et aL, 1997) and here, the use of an E IB-attenu- 
ated adenovirus allows for the preferential targeting of tumor 
cells lacking functional p53. Thus, the viral cytopathic effect, 
although not restricted to tumor cells lacking functional p53, is 
preferentially observed in such cells relative to normal cells. 
Although the suicide gene systems do not specifically target tu- 
mor cells, they do target replicating cells and, importantly, 
unlike conventional chemotherapy, neither prodrug produces 
significant systemic toxicity in humans. Finally, with three-di- 
mensional conformal radiotherapy, it is possible to deliver high 
doses of radiation specifically to a tumor site while minimiz- 
ing the exposure to surrounding tissues. On the basis of these 
premises, we believe the three-pronged approach described here 
may generate a significant increase in the therapeutic index 
when used in the clinic. 

Nearly all gene therapy protocols undergoing clinical trials 
today are limited by low in vivo gene transduction efficiencies. 
Although several approaches using replication-defective retro- 
viruses or adenoviruses have produced encouraging results in 
animal models, it is unlikely that these approaches will have 
the gene transduction efficiencies necessary for them to be ef- 
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FIG. 3. Comparison of ONYX-015 and FGR cytopathic effects. Cells were either mock-infected (moi = 0), or infected with 
virus at the mois indicated. Cells were fixed and stained with crystal violet 9 days later. 
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FIG. 4. Enhancement of the viral cytopathic effect by the sui- 
cide gene systems. Cells were either mock-infected (M), or in- 
fected with FGR at an moi of 10. Cells were detached and re- 
plated in triplicate at high (A) or low (B) densities in varying 
concentrations of 5-FC, GCV, or 5-FC + GCV (5-FC/GCV). 
Cells were fixed and stained with crystal violet 5-9 days later. 
Numbers at the top of. each well in A indicate prodrug concen- 
tration in fxg/ml. Results of U251 cell clonogenic assays are 
shown in B. 






1330 



FREYTAG ET AL. 



5-FC — —►GCV ► 




Viral Hind\\\ DNA fragments 



FIG. 5. Inhibition of virus replication by suicide gene systems. Cells were either mock-infected (M), or infected with FGR at 
an moi of 10. Cells were detached and replated in varying concentrations of prodrugs. Cells were harvested 48 hr later for iso- 
lation of low-molecular-weight DNA. DNA was digested with Hind III and analyzed by Southern blotting as described in 
Fig. 2C. 



fective against the large tumoral masses commonly observed in 
human cancer patients. Moreover, because few human cancers 
are curable with a single modality, it has been our tenet that the 
promise of cancer gene therapy will be realized only when used 
in combination with other modalities, such as the ones described 
here. We believe the three-pronged approach described here 
may improve not only the specificity (discussed above), but also 
the efficacy, of the cancer gene therapy approach. Relative to 
a replication-defective virus, the replication capacity of FGR 
should result in a markedly greater efficiency of gene transfer 
in vivo as well as higher transgene expression per tumor cell. 
Indeed, we have observed that FGR is able to produce up to 



2,000-fold more CD activity in infected cells than a replication- 
defective version from which FGR was derived (after correct- 
ing for differences in mois). This should result in a greater 
therapeutic effect per dose than that obtainable with replication- 
defective viruses. It is possible that the high in vivo gene trans- 
duction efficiencies observed with replication-competent aden- 
oviruses may enable this approach to be efficacious against 
disseminated disease (Heise et ai, 1997). 

Another potential strength of the approach described here is 
that both suicide gene systems proved to be effective at in- 
hibiting viral replication in vitro at prodrug concentrations that 
are safely achievable in humans. Although it is uncertain 
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FIG. 6. Radiosensitization by the suicide gene systems. DU145 (A) and U251 (B) cells were either mock-infected (•), or in- 
fected with FGR at a moi of 1. Forty -eight hours later, cells were incubated in growth medium without (V), or with, prodrugs 
at 40 /xg/ml 5-FC (■) or 0.1 /-ig/ml GCV (O) for 24 hr. Cells were then exposed to a single dose of -/-irradiation (0-6 Gy) and 
replated in triplicate for clonogenic assays. Colonies were fixed, stained with crystal violet, and counted 7-10 days later. The 
SER represents the ratio between the D 0 of radiation alone (RT) and the D 0 for radiation plus FGR without (RT + FGR), or with 
(RT 4- FGR + 5-FC, RT + FGR + GCV), prodrugs. The radiosensitization experiments were performed twice and the SERs 
varied less than 10% between experiments. 
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FIG. 7. FGR infection of tumor cells in vivo. HT-29 tumors (0.2 cm 3 ) were injected with 10 8 pfu (50 of FGR on 5 con- 
secutive days. Two days after the last injection, tumors were excised, sectioned, and processed for immunofluorescence. Sam- 
ples were photographed at a magnification of 25 X (left) and 125X (right). Cells that are positive for CD expression appear red. 
Nuclei were stained with DAPI and are blue. 
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| 1. Viral Therapy 

Prodrugs (5-FC + GCV) ^ ^ Toxic drugs (5-FU + GCV-MP) 
^2. Suicide Gene Therapy 

J 3. Radiotherapy 

Tumor eradication 

FIG. 8. Schematic diagram of three-pronged approach. The 
FGR virus itself (prong 1) replicates in and preferentially kills 
rumor cells expressing mutant p53 resulting in significant, and 
selective, tumor cell destruction. Co-utilization of the CD/5-FC 
and HSV-1 TK/GCV suicide gene systems (prong 2) markedly 
enhance the therapeutic effects of the FGR virus and, impor- 
tantly, sensitize tumors to radiation (prong 3). The replication 
potential of the FGR virus enhances both the efficiency of gene 
transduction (percentage of tumor cells (infected) as well as the 
steady-state level of transgene expression per cell. 



whether uncontrolled viral spread will prove to be a drawback 
of this approach, having the potential to eliminate the virus, if 
necessary, is an asset. These observations also make it likely 
that following injection of the virus, both the timing and dose 
of prodrug administration will be critical parameters in deter- 
mining the therapeutic outcome. Indeed, results from our on- 
going animal studies support this notion. Thus, inclusion of the 
CD/HSV-1 TK fusion gene in a lytic, replication-competent 
adenovirus may not only improve the efficacy, but also the 
safety, of this cancer gene therapy approach. 

There is perhaps one additional advantage of the three- 
pronged approach described here. Although the use of an E IB- 
attenuated adenovirus, such as ONYX-015, allows for the pref- 
erential destruction of tumor cells lacking functional p53, its 
inability to destroy tumor cells selectively with normal p53 is 
a weakness. Moreover, we have observed that some human tu- 
mor cell lines are resistant to these lytic viruses. These weak- 
nesses may prove to be significant as many human tumors show 
intratumoral heterogeneity with respect to p53 status (Mir- 
chandani et aL, 1995; Yang et aL, 1996) and the efficacy of 
this approach may vary widely among tumor types. Thus, a bet- 
ter approach might be one that could selectively destroy tumor 
cells lacking, or containing, functional p53, and yet inflict min- 
imal damage on surrounding normal cells. Indeed, FGR, when 
used in conjunction with prodrug and radiation therapy, may 
meet such criteria. It has been previously demonstrated that tu- 
mor cells with normal p53 status are more sensitive to the cy- 
totoxic effects of chemotherapeutic drugs, such as 5-FU, and 
radiation than tumor cells lacking functional p53 (Lowe et aL, 
1993, 1994), The heightened sensitivity of tumor cells with nor- 
mal p53 is thought to be due to their increased propensity to 
undergo p53-mediated apoptosis following injury. 
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Because our three-pronged approach employs both chemo- 
therapy and radiotherapy, it is possible that FGR, when com- 
bined with these modalities, may selectively destroy both tu- 
mor cell types. Whereas the viral cytopathic effect should 
selectively target tumor cells lacking functional p53, the sui- 
cide gene systems, via their bystander effects, and radiotherapy 
should preferentially target those containing functional p53. Im- 
portantly, this approach should inflict minimal damage on sur- 
rounding normal cells because such cells are less likely to be 
replicating (and therefore resistant to suicide gene therapies) 
and normal cells tend to undergo p53-mediated growth arrest, 
not apoptosis, following insult by chemotherapeutic drugs 
and/or radiation (Lowe et al., 1993). Thus, utilization of the sui- 
cide gene systems should not significantly weaken the speci- 
ficity of the "tumor-specific" E IB-attenuated adenoviruses. We 
have already demonstrated that FGR, in conjunction with 5-FC 
prodrug therapy, is able to kill effectively tumor cells that are 
resistant to lytic viruses such as ONYX-015 and FGR. 

Thus, it is likely that the three-pronged approach described 
here will prove to be a significant improvement over ONYX- 
015 because the three modalities may target different tumor cell 
types or subpopulations, which, in turn, should expand the spec- 
trum of human tumors that it will be effective against. Indeed, 
our ongoing studies in animals have confirmed that the addi- 
tion of double suicide gene therapy significantly improves the 
antitumor effects (i.e., tumor growth delay and tumor cure) of 
ElB-attenuated, replication-competent adenoviruses. 
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Dr. Rae Lyn Burke 
Chiron Corporation 
Department of Virology 
4560 Horton Street 
Emeryville, CA 94608 

Dear Rae Lyn, 

I have finally returned to my office and cleared off the stack of work on my desk. Thank 
you for providing the names of venture capitalists, and for contacting Rajen Dalai. I have 
decided to take the less visionary approach mentioned in your letter of June 10, 1994, and to 
request funding from Chiron for the gene therapy project on the adenovirus E3-11.6K protein 
that promotes cell death. The proposal is enclosed. I have submitted a patent application for 
this project; if the patent is awarded, it would provide protection in the U.S.A. but not in 
Europe or Asia. 

Also enclosed is a budget for the proposal. I anticipate carrying out the research in my 
laboratory here at St. Louis University. However, other alternatives, including doing the work 
at Chiron, are also possible. 

I have requested a consultant fee for myself and Dr. Ann Tollefsbn. Ann is an Associate 
Research Professor working in my laboratory; she is the co-discoverer of the cell death- 
promoting properties of 11. 6K. She will co-direct the project and she will perform bench work 
on the project. Note that our consultant fees are separate from the requested budget for the 
project. 

I am also considering establishing a corporation, perhaps in August, with St. Louis 
University as a minor partner. If Chiron decides to fund this project, perhaps the funding can 
be channeled through this corporation. Therefore, the budget for the project should be 
considered to be tentative. 



Our Biotechnology Transfer Office requires that an appropriate official from Chiron sign 
a confidentiality agreement. The form is enclosed. 



Dr. Rae Lyn Burke 
page 2 . 



Thank you again for your interest, and for your hospitality during my visit. 

With best regards, 




William S. M. Wold, Ph.D. 
Professor and Chairman 



WSMWrjlm 
enclosures 



BUDGET 



Personnel : 

Lynda K. Hawkins, Ph.D. $20,700 

TBA Postdoctoral Fellow 25,600 

Fringes 9,955 

Subtotal Personnel 56,255 

Supplies : 24,000 
Other : 

Maintenance contracts and repair 1,200 
Telephone, postage, photocopier 

demurrage 400 

Radiation disposal 500 

Publication, illustrations 500 

Subtotal other expenses 2,600 

Subtotal 82,855 

Indirect costs (10%) 8,286 

TOTAL $91,141 

Consultant costs* $12,000 



*In addition to total project budget. 



AGREEMENT 



r e; a G^ l '™" : m "' is made by and between St. Louis University Medical 
Center hairing a principle place of business located at 14 02 South 

Grand 3lvd . , "* S t . Louis , " MO 63140 and . Chiron. CorpQra.tj.gn a 

corporation having a principle place of 

business located • 

THE PAHTZES HAVE AGREED AND DO AGREE AS FOLLOWS : 

1. This AGREEMENT refers to the work of Dr . . . . 

William^ S. *1 . . ^ 0 A d 

t-o1 at^* "to * * adenovirus ^ 11^ 6K protein^ that^ functions In 

~ promoting cell death, 

2 agrees to maintain the 

conf identiaiitv of Proprietary Information discussed 
duxing their meetings. Proprietary Information shall not 
either be used or disclosed to any other person or entity 
without the written consent of .the St. Louis University 
Medical Center except . as may be required under a court 
" order. 

3. The confidentiality obligation shall not apply to: 

a. : Information which can 

establish by reasonable proof was in its possession 
at the time of disclosure. 

b: public domain information or information which after 
disclosure becomes- part of the public domain 
information bv publication or otherwise except by 
breach of this Agreement . 

The term and condition herein are acceptable to both parties or 
this Agreement as evidenced by- the signatures of their: authorized 
representatives : 



Signature . Date: 

Name: . An tab Alam 

•Title: Director, Biotechnology Transfer Research Center 
Organization: St. Louis University Medical Center 

Signature. Date 

Name / Print. Ti tie : _ 

Organization: 



ADENOVIRUS E3-11.6K PROTEIN AS A CELL DEATH-PROMOTING AGENT 
A. BACKGROUND 

The human adenovirus type 2 (Ad2) and Ad5 E3-11.6K protein (MW of 11,600) (Fig. 
1) was first identified by our laboratory, using an antipeptide antiserum to immunoprecipitate 
the protein from adenovirus-infected cells (Wold et aL, 1984). Subsequently, we have prepared 
three additional antipeptide antisera, we have isolated mutants that completely delete the gene, 
and we have constructed a series of about 20 mutants with truncations, small in-frame deletions, 
and missense mutations in the gene (Fig. 2; Tollefson et aL, 1992; unpublished results). Using 
these reagents, we have shown that 11. 6K is synthesized in low amounts during early stages of 
infection (prior to viral DNA replication), but in large amounts at late stages of infection 
(Tollefson et aL, 1992). We have also shown that 11.6K is an N-linked O-linked integral 
membrane protein that initially localizes to the endoplasmic reticulum (ER) and Golgi apparatus, 
but ultimately localizes to the nuclear membrane (Scaria et aL, 1992). 

We have recently discovered that the 1 1 .6K protein functions to promote cell death (A.E. 
Tollefson, A. Scaria, and W.S.M. Wold, manuscript in preparation). A representative 
experiment is shown in Fig. 3. As measured by release of lactate dehydrogenase (LDH), cells 
infected with wild-type adenovirus (reclOO) begin to die at 2-3 days postinfection (p.L), and are 
mostly dead by 5-7 days p.i. In contrast, cells infected with a mutant (dHlT) that deletes only 
the 1L6K gene stay completely alive until 5 days postinfection, and they do not begin to die 
until 6 days p.i. Similar results have been obtained using, as indicators of cell death, the release 
of adenovirus from infected cells, trypan blue exclusion, the MTT assay (which measures 
mitochondrial activity), DNA degradation (agarose gels, DAPI staining, Apo-Tag), and light and 
electron microscopy. We believe that the function of 1L6K in adenovirus biology is to lyse 



cells, thereby allowing adenovirus to be released from the infected cell. 

Using our collection of virus mutants in the 11. 6K gene, we are currently performing a 
structure-function analysis of 1 1 .6K. Some of the mutants are shown in Fig. 2. The phenotypes 
of the mutants are summarized at the right side of Fig. 2. SDS-PAGE analysis indicated that 
all the mutant proteins are stable with the possible exception of pm734.1 which only synthesizes 
residues 49-101 of the 11. 6K protein (data not shown). These mutants have allowed us to map 
the protein domains required to target 1 1.6K to the nuclear membrane, and for 1 1.6K to promote 
cell death. Briefly, residues 41-59, the only hydrophobic domain in the protein, serves as the 
signal to insert 11. 6K into membranes and to anchor 11. 6K within membranes, i.e., this domain 
is a signal-anchor sequence. Residues 63-78, which includes the basic-proline domain (residues 
63-74), a domain rich in basic amino acids and proline, is required to target 11. 6K specifically 
to the nuclear membrane; mutant proteins that lack these sequences localize to all membranes, 
not specifically to the nuclear membrane. Regarding cell death, residues 1-40 and 71-101 can 
be deleted without abrogating the ability of 11. 6K to promote cell death. Thus, the "death 
domain" appears to consist of residues ca. 46-60, with help from residues 61-74. However, we 
emphasize that although we have shown that these sequences are necessary to promote cell death, 
we have not shown that they are sufficient. 

We do not understand the mechanism of action of 11. 6K in targeting to the nuclear 
membrane and in promoting cell death. We believe that the nuclear membrane is the site of 
action of 11.6K because certain mutant proteins that do not exit from the ER or Golgi are 
defective in promoting cell death. Future studies in the laboratory will focus on the mechanism 
of action of 11. 6K. This mechanism is not only of fundamental interest, but it may also 
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elucidate the cellular mechanisms that control cell death; this latter information may allow for 
novel gene therapy approaches for killing or protecting cells. 

B. PROPOSAL 

Since the 11. 6K protein can promote the death of adenovirus-infected cells, it has the 
potential use as a therapeutic agent to kill cells, e.g. malignant cells, in humans. This proposed 
research addresses two issues that must be resolved in order for 11. 6K to be used as a 
therapeutic agent. 

First, although we know that 11. 6K promotes the death of adenovirus-infected cells, we 
do not know whether 11. 6K can Junction autonomously to kill cells. 

Second, since 11. 6K functions inside the cell, apparently at the nuclear membrane, a 
means must be developed to deliver the protein to the cells of interest. 

C. EXPERIMENTAL PROCEDURES 

C.l. Can the 1L6K protein function autonomously to kill cells ? 

In order to answer this question, we have attempted to isolate human A549 cells 
stably transfected with the 1L6K gene. Several neo R -resistant cell lines have been obtained. 
These cells express only low levels of 11.6K, and the 11.6K protein is localized in the Golgi but 
not the nuclear membrane. Since we were not able to obtain cells that express high levels of 
1L6K, or cells wherein 1L6K is localized to the nuclear membrane, these experiments suggest, 
but do not prove, that 11. 6K can function autonomously to kill cells. We propose two 
approaches to address this question in more detail. 

C.l.a. 7eMnducible vector . 

We have obtained the ref-inducible vector system from Hermann Bujard 
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(Gossen and Bujard, 1992). In the tet system, the tetracycline repressor (tetR) was fused to the 
transactivation domain of VP 16. In the absence of tetracycline, the fusion protein will bind to 
tet operators and will transactivate a promoter consisting of tet operators plus a TATA box. In 
the presence of tetracycline, the tetR-VP16 fusion protein does not bind to tet operators, and the 
promoter is silent. The major advantages of this system are that, upon removal of tetracycline, 
the gene is induced by up to five orders of magnitude. Also, induction is rapid, being >20% 
in 4 h and 100% in 12 h. Finally, the low amount (0,1 fig/nil) of tetracycline required to keep 
the gene silent is unlikely to affect other properties of the cell. We will clone 1L6K into the 
tet vector, develop cell lines, and examine whether 11. 6K is induced by removal of tetracycline, 
and whether 1L6K promotes cell death following induction. Cell death will be measured by 
release of LDH, trypan blue exclusion, the MTT assay, and microscopy. 

If 11. 6K alone does promote cell death, then we will proceed with the 
experiments described in Section D below. If 11. 6K alone does not promote cell death, then 
we will proceed with the experiments in Section C.3. 
C.l.b. Adenovirus vector . 

There are two general classes of adenovirus vectors, nondefective and 
defective for replication in cultured human cells. The nondefective vectors generally have the 
E3 transcription unit (Fig. 4) deleted and replaced with the transgene. The E3 genes are not 
required for virus replication in cultured cells or in the lungs of hamsters or cotton rats, so these 
vectors are able to replicate. However, the E3 genes function to block the immune and 
inflammatory response to virus infection, so the E3-deleted vectors are more pathogenic than 
wild-type adenovirus. 
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Defective vectors generally have the El A and E1B regions deleted and 
replaced with the transgene, and they have the E3 region deleted in order to increase the amount 
of foreign DNA that can be inserted into the viral genome (only 105% of the genome can be 
packaged). The E1A and E1B genes (E1B-55K) are essential for virus replication. E1A 
proteins are required to efficiently induce transcription of the other adenovirus transcription 
units. The E1B-55K protein is required for efficient transport of viral "late" mRNAs from the 
nucleus to the cytoplasm. Since the defective vectors lack E1A and E1B, they cannot replicate 
in ordinary cell lines or in animal models. The vectors can, however, replicate well in 293 
cells, a human cell line that provides the E1A- and ElB-encoded proteins in trans. 

Although E1A is required for efficient induction of transcription of the 
other adenovirus transcription units, transcription of these genes, including late genes, can occur 
at low levels in the absence of El A. Indeed, recent animal model studies and Phase I human 
trials have indicated that defective adenovirus vectors do elicit an inflammatory response, 
presumably due to low level expression of adenovirus proteins. 

Since we eventually hope to design an adenovirus vector to promote cell 
death, it will be important to limit the infection in vivo to the target tissue, and to minimize 
infection of healthy tissue. Therefore, the vector should probably be defective. The expression 
of the 11. 6K protein could be limited to the tumor by direct injection into the tumor, or by use 
of a tumor-specific promoter to drive expression of the 11. 6K gene. It is unclear whether the 
E3 genes should be included to minimize the normal inflammatory response (probably not), or 
excluded in order to maximize the response; this presumably would depend on the amount of 
infection of healthy tissue. 
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The design of an optimal vector is a topic of future experiments. At the 
present, we will use a simple "first generation" vector to address whether 11. 6K expressed 
essentially alone can kill cells. This experiment differs from that described in Section C.l.a. 
because the vector will express other adenovirus proteins at low levels. 

Our vector will have an Ad5 backbone, and it will be deleted in the El A, 
E1B, and E3 regions. The 11. 6K gene will be inserted into an expression cassette wherein 
transcription will be driven by the cytomegalovirus immediate early promoter, and the pre- 
mRNA will be processed using SV40 polyadenylation and splicing signals. The expression 
cassette will be inserted into the E1A/E1B region (Fig. 4), and plaques will be picked on 293 
cells. Plaques of vector expressing 11. 6K should be larger (more cell lysis and virus spread) 
than plaques from vector lacking 11. 6K. Plaques will be expanded into virus stocks, and high- 
level expression of the 11. 6K protein will be confirmed. Cultured human and mouse cells will 
be infected with the vector, and cell death will be monitored as described in Section C.l.a. 

If 11.6K expressed from the adenovirus vector kills cells, then we will 
proceed with the experiments in Section D. If cells are not killed, then we will perform the 
experiments in Section C.3. 

C.2. Ma pping the minimal domain of 11. 6K that is sufficient to promote cell death . 
Our studies with 11. 6K mutants have indicated that a protein consisting only of 
residues 41-101 (i.e. lacking residues 1-40) localizes quite efficiently to the nuclear membrane 
and is about 50% as effective as the wild-type 11. 6K protein in promoting cell death. A protein 
lacking -residues 79 to 101 is completely wild-type for localization to the nuclear membrane and 
promotion of cell death. These results suggest that a version of the 11. 6K protein consisting 
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only of residues 41-78 might be sufficient to promote cell death. It is important to determine 
whether this is so, because such a peptide, synthesized in vitro, might by itself be sufficient to 
promote cell death (e.g. by injecting the peptide into tumors). Also, such a peptide might be 
less immunogenic than the entire 11. 6K protein. We propose to construct an adenovirus mutant 
that expresses residues 41-78 and determine whether this protein can promote cell death. This 
mutated gene will be inserted into the reclQO background, as we have done for all our other 
11. 6K mutants, and it will be expressed from the rez-inducible vector. 

C.3. What is required in adenovirus-infected cells in order for 11. 6K to promote 
cell death ? 

If the experiments described in Section C.L indicate that 11. 6K alone cannot 
promote cell death, then some other adenovirus gene product or some unknown aspect of the 
adenovirus productive infection must be required in order for 1 1.6K to function. The following 
experiments will be performed to address these issues. 

First, we will determine whether 11. 6K overexpressed during early stages of 
infection can promote cell death. The 1L6K gene will be built into our mutant, d/7001, which 
lacks the entire E3 region but expresses all other adenovirus genes. We are using this mutant 
as a vector to express the E3 proteins individually (Ranheim et al., 1993). Cells will be infected 
with the rf/7001-11.6K vector, maintained in cytosine arabinoside in order to inhibit viral DNA 
synthesis and keep the cells in the early stage of infection, and cell death will be monitored. 

Second, we will attempt to map the adenovirus early protein(s) that must 
collaborate with 11. 6K in order for 11.6K to promote cell death. We will infect cells with 
mutants that lack the E4 region, the E1B region, and the E1A region. We already know that 
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this putative "collaborating" protein is not encoded by the E3 region. These experiments are 
similar to those we performed to map genes that function to sensitize cells to tumor necrosis 
factor (Duerksen-Hughes et al., 1989) and to down-regulate the epidermal growth factor 
receptor (Carlin et al., 1989). If we determine that an adenovirus late gene encodes the 
"collaborating" protein then we will attempt to map the gene using available temperature- 
sensitive mutants. 

D. POTENTIAL FUTURE EXPERIMENTS 

The following is a brief description of possible future experiments. Which experiments 
will be attempted will depend on the results of the experiments in Section C. Most or all of 
these experiments will probably require additional funding. 

D.l. Design of an optimal vector to deliver the 11. 6K protein to cells . 

We will attempt to optimize expression of 11. 6K in our adenovirus vector, and 
we will construct vectors with tissue-specific promoters. We will explore whether the E3 region 
should be included in the vector, and whether a nondefective vector might be useful. 

We will also attempt to express 11. 6K from a retrovirus vector. Since retrovirus 
vectors only infect dividing cells, such a vector that expresses 1 1 . 6K might be particularly useful 
to treat brain tumors. 

D.2. Delivery of the 11.6K protein bv direct injection . 

Since 1L6K has an internal signal-anchor sequence and it has only a short 
sequence that is C-terminal to the signal-anchor domain, 11. 6K may be able to insert into 
membranes in a posttranslational manner. If so, then liposomes could be an ideal mechanism 
to deliver the protein to the interior of cells. The 11. 6K protein might integrate into the 



8 



membrane of the liposomes, become fused to membrane vesicles within cells, and then be 
targeted to the nuclear membrane via its specific nuclear membrane localization signal. We will 
attempt this experiment using 11. 6K purified from adenovirus-infected cells, where 11.6K is 
made in large amounts. Alternatively, 11. 6K could be obtained from bacterial or baculovirus 
vectors. 

If the experiment described in Section C.2. results in the identification of a 
minimal domain for 11. 6K to function, then the minimal peptide will be synthesized in vitro. 
The peptide will either be incorporated into liposomes or added directly to cells, and cell death 
will be monitored. 

D.3. Coupling of the 11.6K protein to a ligand . 

In one of our adenovirus mutants (rf/718), the stop codon for 11.6K is deleted; 
this results in the synthesis of a fusion protein consisting of residues 1-87 in the 11. 6K protein 
fused to residues 14-91 of the E3-10.4K protein. This fusion protein functions nearly as well 
as wild-type 11.6K in promoting cell death. This suggests that 11. 6K could be fused at its C- 
terminus to some ligand, e.g. EGF, and still remain functional. If so, then the ligand could be 
used to target 1L6K to specific cell types that express the receptor for the ligand. Thus, the 
experiment would be to express the 11.6K-ligand fusion protein in bacteria or insect cells, purify 
the protein, add the protein to the cells, and determine whether the protein is efficiently 
internalized into cells that express the ligand receptor, and whether the protein promotes cell 
death. 

D.4. Animal models . ^ 

We have found that 11. 6K does not localize to the nuclear membrane in 
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adenovirus-infected mouse or rat cells. This may imply that 11. 6K must interact with a human 
protein in order to promote cell death. Lack of 11. 6K function in mouse or rat cells is in one 
respect unfortunate because an animal model will be necessary to determine whether 11.6K can, 
for example, cause regression of tumors in vivo. We will infect cells of different species, e.g. 
cotton rat, hamster, and monkey, and determine whether 11. 6K localizes to the nuclear 
membrane and promotes cell death. It may also be possible to examine human tumors growing 
in immunoincompetent mice. When we find a species where 11.6K is able to promote cell 
death, then experiments will be done in this animal model. 
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FIGURE LEGENDS 

Fig. 1 . Sequence of the Ad2 E3-11.6K protein. The protein becomes integrated into 

membranes via its internal signal-anchor domain at residues ca. 41-59. The protein is oriented 
in the membrane with the NH 2 -terminus in the lumen and its COOH-terminus in the cytoplasm 
or nucleoplasm (the protein ultimately localizes to the nuclear membrane, but we do not know 
whether it is the inner or outer nuclear membrane). The site of N-glycosylation is indicated 
(NTT), as are the major sites of O-glycosylation. A domain rich in basic amino acids and 
prolines is indicated. 

Fig. 2 . Schematic representation of the Ad2 11. 6K protein, as well as a subset of the 

mutants constructed in the 1 L6K protein. For the wild-type protein (top figure), the major and 
minor O-glycosylation sites are shown, the N-glycosylation site is shown, the methionines at 
positions 1, 41, 49, and 56 are shown, the signal-anchor domain is shown, and the basic-proline 
domain is shown. Also shown is the orientation of the protein in the membrane, with the NH 2 - 
terminal region in the lumen of membranes, and the COOH-terminal region extending into the 
cytoplasm and/or the nucleoplasm. The deletions shown for the various mutants are indicated 
i by the schematic. The two right columns in the figure indicate the approximate phenotype of 
the mutants with respect to their ability to promote cell death, as a percentage of the wild-type 
protein, and their ability to localize to membranes. Membranes shown in italics are the major 
sites of localization, NM refers to nuclear membrane, G refers to Golgi. The protein depicted 
at the bottom of the figure corresponds to the putative proteolytic processing product that arises 
following initial synthesis of the 1L6K protein. 

Fig. 3 . A cell viability assay for cells infected with recJOO (wild-type) or two mutants, 
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pmlYl and pm734.1, which lack a functional 11. 6K gene. A549 cells were infected with the 
viruses, then at different days postinfection cell lysis was measured based upon the release of 
lactate dehydrogenase (LDH) into the culture medium. The experiment shows that cells infected 
with reclOO die (i.e. release LDH) much more rapidly than do cells infected with the two 11. 6K 
mutants. 

Fig. 4 . Schematic of the Ad2 genome. The genome is a linear duplex DNA of 36,000 

base pairs, r and / refer to rightward and leftward transcription, respectively. The split arrows 
indicate the spliced structures of the mRNAs (exons are shown). 289R, 19K, ma, etc. refer to 
proteins. E1A, E1B, E2 (A and B), E3, E4, and LI (early) are "early" transcription units that 
are expressed prior to viral DNA replication. L1-L5 are families of "late" mRNAs expressed 
in the major late transcription unit. The 1 1.6K protein is translated from one of the E3 mRNAs 
at early stages of infection. At late stages of infection, 11. 6K is translated from an mRNA that 
contains the major late tripartite leader (Tollefson et al., 1992). 
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Subject: Request for cells 

Dear Valeri, 

I hope all is going well with you. t I'm happy to see that you have a 
faculty position in a good university* 

I am writina to request the 293 cell line expressing E4 (VK2-20) that you 
published in Human Gene Therapy (6:1575-1586, 1995). We have several 
plaemids with deletions in E4, and we have been unsuccessful in rescuing 
them into virus. We would use your cell line for that purpose. 

Thank you in advance. 

Sincerely, 
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FROM : SAINT LOUIS UNIUERSITY MM I 



FAX NO. : 3147733403 



Nov. 26 2002 06:01PM P2 



EXHIBIT 

II €T 



Dear Dan: 

Attached is a list of primers that were ordered by Konstantin Doronin. The 
primers were named KD1, KD2, KD3, KD4, KD5, etc. (see Description/Sequences). 
These primers were used in studies on the ADP-overexpressing vectors, either for DNA 
sequencing or for amplification of certain sequences by the polymerase chain reaction 
(PCR). Also attached are Dr. Doronin's handwritten notes indicating the use of the 
primers. (These notes are not dated, but this list was begun when the primers were 
ordered). Please note that the primers were ordered on 9/26796, 1 1/04/96, and 03/24/97. 

Also included are some actual DNA sequence data using some of these primers to 
sequence some of the plasmids that were used to construct the ADP-overexpressing 
vectors. The dates of the sequencing runs are on the datasheets. Note that the first 
sequencing run was on November 19, 1996. Other runs were on November 25/26, 1996, 
March 20/21, 1997, April 2t, 1997, May 12, 1997, and March 23/24, 1999. 



Thanks, 
Bill 



FROM :SPINT LOUIS UNIUERSITY MM I 



FPX NO. : 3147733403 



Nov. 26 2002 06:01PM P3 



Orator Number 




Please refer to this No. on 
an Inquires 


Order Date 


Peg* No. 


473335 A 


09/26/98 


1 of 1 



SOLD TO 



ST LOUIS UNIV 
ACCOUNTS PAYABLE 
3500LINDEIX BLVD 
ST LOUIS, MO 63103 



SHIP TO 



ST LOUIS UNIV SCHOOL OF MED 

DEPT OF MICROBIOLOGY 

1402 S GRAND BLVD 

ST LOUIS. MO 631 04 

DORONtN 

000177752 



FAX/DEBBIE HUMISTON 




1.0 10336-022 

A3B84G07 

2.0 10336-022 

A3864G08 

3.0 10336-022 

A3884G09 

4.0 10336-022 

A38B4G10 

5.0 10336-022 

A3884G11 

6.0 10336-022 

A3884G12 

7.0 10338-022 

A3684H01 

(aO^ 10336-022 

A3884H02 



9.0^ 10336-022 



1 Each 



KD1 \ DORONtN 
CTACGAGAGAACCTCTCCGAG 

KD2 \ DORONIN 
GCCACAACTTATACTGTTTGC 

KD3 \ DORONIN 1 Each 

TCAGCCCACGGTACTTAATTAACCCAAAAGGTGGAT 



1 Each ( G07 ) 



A3884H03 



KD4 \ DORONIN 

GCTCTAGAAGTCAGGCTTCCTGG 
KD5 \ DORONIN 

GCTCTAGATCTCATTTAATCATA 
KD6 \ DORONIN 

CCTTAATTAAAAGTCAGGCTTCCTGG 
KD7\ DORONIN 

CCTTAATTAATCTCATTTAATCATA 
KDB\ DORONIN 

CGC^WTA^GAAGATTTTTCCAG 
KD9 \ DORONIN 

CGO(3S§§ACTGCAGCAGGTGTG 



1 Each 



1 Each 



1 Each 



1 Each 



1 Each 



1 Each 



(G09) 

(G10) 

(G11) 

(G12) 

(H01) 

(H02) 

(H03) 



19.3 



(GOB) 15.S 



28.6 



18.6 



17,9 



21.5 



20.3 



21.7 



20.5 



GIBCO BRL Custom Primers 

Certificate of Analysis 



ST LOUIS UNIV SCHOOL OF 



Order Number: 


473935A 


Order Date: 


09/26/96 



Primer 1: 

Primer Name: KD1 
Researcher: DORONIN 

Sequence (5* to 3'):CTA CGA GAG AAC CTC TCC GAG 
Molecular Weight pg/pmole: 6740.2 
Millimolar Extinction Coefficient: 230.5 

Purity Deprotected 

Tm (1 M Na+) 73 

Tm (50 mM Na+) 51 

% GC 57 
Notes: 



Primer Number: A3884G07 ( G07 ) 

Primer Length: 21 

pgperOD: 29.2 

nmoles per OD: 4.3 

OD's 19.3 

pg's* 566 

nmoles 84 

Coupling Eff. 99% 



Primer 2: 



Primer Name: KD2 


Primer Number: 


A3884G08 


Researcher: DORON I N 


Primer Length: 


21 


Sequence (5' to 3'):GCC ACA ACT TAT ACT GTT TGC 






Molecular Weight pg/pmole: 6696.2 


pg per OD: 


30.2 


Millimolar Extinction Coefficient: 221 .4 


nmoles per OD: 


4.5 


Purity Deprotected 


OD's 


15.5 


Tm (1 M Na+) 67 


M9' s * 


471 


Tm (50 mM Na+) 45 


nmoles 


70 


% GC 42 


Coupling Eff. 


99% 



Notes: 



Primer 3: 

Primer Name: KD3 Primer Number A3884G09 (G09) 

Researcher: DORONIN Primer Length: 36 
Sequence (5' to 3*):TCA GCC CAC GGT ACT TAA TTA ACC CAA AAG GTG ' 
GAT 

Molecular Weight pg/pmole: 11632.2 pgperOD: 28.5 

Millimolar Extinction Coefficient: 407.2 nmoles per OD: 2.4 

Purity Deprotected OD's 28.6 

Tm (1 M Na+) 81 pg's* 817 

Tm (50 mM Na+) 59 nmoles 70 

% GC 44 Coupling Eff. 99% 
Notes: 



* -See Note about Quantities in 
Supporting Information. 



LIFE TECHNOLOGIES. 



FROM : SAINT LOUIS UNIVERSITY mi 



FAX NO. 



: 3147733403 



Nov. 26 2002 06:01PM P4 



GIBCO BRL Custom Primers 

Certificate of Analysis 



»T UOUIO UNIY SCHOOL OP 



Order Number 473935A 



Order Date: 



09/26/90 



Primer 4: 



Primer Name: KD4 


Primer Number 


A3884G10 


(G10) 


Researcher DORONIN 


Primer Length; 


23 


sequence (5 to 3v:gct ci a gaa gtc AGG CTT CCT GG 






iwioiecuiar wejgni pQ/pmoie. / 4Z9.o 


pg per OD: 


30.4 




Miiiimoiar extinction coefficient. 244.0 


nmoles per OD: 


4.1 




Purity Deprotected 


OD's 


18.6 




Tm (1 M Na+) 75 


M9*6* 


566 




Tm (60 mM Na+) 64 


nmoles 


76 




% oC 56 


Coupling Eff. 


S9% 




Notes; 








Primer 6: 








Primer Name: KD5 


Primer Number: 


A3884G11 


(G11) 


Researcher DORONIN 


Primer Length: 


23 


Sequence (5' to 37:GCT cta gat ctc att TAA TCA ta 






Molecular Weight pg/|jmole: 7346.6 


pg per OD: 


29.2 




Millimolar extinction Coefficient: 251 .4 


nmoles per OD: 


3.9 




Purity Deprotected 


OD's 


17.9 




A Tm (1 M Na+) 65 




523 




Tm (50 mM Na+) 43 


nmoles 


71 




% GC 30 


Coupling Eff. 


99% 




Notes* 








Primer 6: 








Primer Name: KD6 


Primer Number 


A3884G12 


(G12) 


Researcher DORONIN 


Primer Length: 


26 




Sequence (5' to S^CCT TAA TTA AAA GTC AGG CTT CCT GG 






Molecular Weight pg/pmole: 6370.2 


pg per OD: 


29.3 




Millimolar Extinction Coefficient: 284.9 


nmoles per OD: 


3,5 




Purity Deprotected 


OD's 


21.5 




Tm (1 M Na+) 73 


pgV 


634 




Tm (60 mM Na+) 51 


nmoles 


75 




% GC 42 


Coupling Eff. 


99% 




Notes: 









* -Sae Note about Quantities in 

• Supporting Information. 



UFE^TEONOLOCIES. 



FROM : SAINT LOUIS UNIUERSITY MM I 



FAX NO. : 3147733403 



Nov. 26 2002 06:01PM P5 



GIBCO BRL Custom Primers 

Certificate of Analysis 



ST LOUIS UNIV SCHOOL OF 



Order Number 473935A 



Order Date: 



09/26/96 



Primer 7: 

Primer Name: KD7 
Researcher DORONIN 

Sequence (5' to V):CGT TAA TTA ATC TCA TTT AAT CAT A 

Molecular Weight pg/pmole: 7957.0 

Milllmolar Extinction Coefficient: 277.0 

Purity Deprotected 

Tm (1 M Na+) 63 

Tm (60 mM Na+) 41 

% GC 20 
Notes; 



Primer 8: 

Primer Name; KD8 

Researcher: DORONIN 

Sequence (5* to S^CGC GTA TAC AGA AGA 

Molecular Weight VQf\imo\e: 7742.8 

Millimolar Extinction Coefficient: 268.2 

Purity Deprotected 

Tm (1 M Na+) 70 

Tm (60 mM Na+) 49 

%GC 41 
Notes: 



TTCCAG 



Primer Number 


A3884H01 


Primer Length: 


25 


ug per OD: 


28.7 


nmoles per OD: 


3.6 


OD's 


20.3 


MA'S* 


586 


nmoles 


v73 


Coupling Eff. 


99% 



(H01) 



Primer Number: 


A3884H02 ( H02 ) 


Primer Length: 


24 


MS perOD: 


28.8 


nmoles per OD: 


3.7 


OD's 


21.7 


ugv 


628 


nmoles 


81 


Coupling Eff. 


09% 



Primer 9: 

Primer Name: KD9 
Researcher DORONIN 

Sequence (5* to Zy.CGC GTA TAC ACT GCA GCA GGT GTG 

Molecular Weight pg/jjmole: 7784.8 

Minimofar Extinction Coefficient: 261 .8 

Purity Deprotected 

Tm (1 M Na+) 77 

Tm (50 mM Na+) 56 

% GC 58 
Notes: 



Primer Number 


A3884H03 


Primer Length: 


24 


pg per OD: 


29.7 


nmoles per OD: 


3^8 


OD's 


20.5 


MflV 


609 


nmoles 


78 


Coupling Eff. 


99% 



(H03) 



* -see Note about Quantities In 
Supporting tnformtthn. 



LIFE^TECHMOIOGIES 



FROM : SAINT LOUIS UNIUERSITY MM I 



FAX NO. : 3147733403 



Nov. 26 2002 06:02PM P6 



Order Number 




Please refer to this No. on 
all inquires 


Order Date 


Page No. 


522393 A 


11/04/96 


i on 



LD TO 



ST LOUIS UNIV 
ACCOUNTS PAYABLE 
3500 LINDELL BLVD 
ST LOUIS, MO 63103 



SHIP TO 



ST LOUIS UNIV SCHOOL OF MED 
1402 S GRAND BLVD 
MICRIOBIOLOGY 
ST LOUIS, MO 63104 
000127752 




FAX/DEBBIE HUMISTON 



1.0 10336-022 

A4379B02 

2,0 10336-022 

A4379B03 



KD10\DORANIN 
ACACGGCACCAGCTCAATCAG 
KD 1 1 \ DORANIM 
CGGAGTAACTTGTATGTGTTG 



1 Each 



1 Each 



( B02 ) 12.6 



(B03) 12.5 



FROM ISAINT LOUIS UNIVERSITY MM I 



FAX NO. : 3147733403 



Nov. 26 2002 06:02PM P7 



GIBCO BRL Custom Primers 

Certificate of Analysis 



3T LOUIS UNIV SCHOOL OF 



Order Number: 522393A 



Order Date; 



11/04/86 



Primer 1 : 

Primer Name: KD10 
Researcher; DORANIN 

Sequence (5* to ZTACA CGG CAC CAG CTC AAT CAG 
Molecular Weight pg/ymole: 6709.2 
Millimolar Extinction Coefficient: 232. 1 

Purity Deprotected 

Tm (1 M Na+) 73 

Tm (60 mM Na+) 51 

% GC S7 
Notes: 



Primer Number. A4379B02 (B02) 



Primer Length: 


21 


|jg per OD: 


28.9 


nmoles per OD: 


4.3 


OD's 


12 ft 


M9's* 


366 


nmoles 




Couoiino Eff. 


9O70 


Primer Number 


A437GB03 (B03) 


Primer Length: 


21 


pg per OD: 


29.3 


nmoles per OD: 


4.2 


OD's 


12.6 




369 


nmoles 


63 


Coupling Eff. 


98% 



Primer 2: 

Primer Name: KD11 
Researcher. DORANIN 

Sequence (5* to S^CGG AGT AAC TTG TAT GTG TTG 

Molecular Weight pg/pmole: 6847.2 

Millimolar Extinction Coefficient: 233.0 

Purity Deprotected 

Tm (1 M Na+) 67 

Tm (60 mM Na+) 46 

% GC 42 
Notes: 



* -See Not© about Quantities In 

• supporting information. 



LIFE TECHNOLOGIES 



FROM :SfiINT LOUIS UNIVERSITY MM! 



FAX NO. : 3147733403 



Nov. 26 2002 06:02PM P8 



Order Number 




Please refer to thfe No. on 


Order Date 


Page No, 


all Inquires 


409867 A 


03/24/97 


1 oM 



SOLD TO 



ST LOUIS UNIV 
ACCOUNTS PAYABLE 
3500 LINDELL BLVD 
ST LOUIS, MO 03103 



SHIP TO 



ST LOUIS UNIV SCHOOL OF MED 

1402 S GRAND BLVD 

MOLEC MICRO/RM M410 

ST LOUIS, MO 63104 

DEBBIE HUMISTON 

000127752 



CD 



$903650 



DEBBIE HUMISTON 



1.0 10336-022 

A6280D10 

2.0 10336-022 

A6280D1 1 

3,0 10336-022 

A62B0D12 

4.0 10336-022 

A6280E01 

5.0 10336-022 

A6280E02 



KD12 \ DORONIN 1 Each 

CCTTAATTAATCTAGAGATCTTATTCCCTTT 

KD14 \ DORONIN 1 Each 

GGGGT ACGAAGCCATCTGCAACAACAT 

DK15\ DORONIN -f E ach 

CCTTAATTAATCTAGAGTCAGTTAGCCTCCCC 

KD16\ DORONIN 1 Each 

CGCGCGTATACACTTCCCATTTTAAG 

KD17\ DORONIN 1 Each 

GCTCTAGACATCATCAATAATAT 



(D10) 
(D11) 
(D12) 
(E01 ) 
(E02) 



16.4 



147 



13.7 



14.5 



12.9 



FROM : SAINT LOUIS UNIUERSITY MM I 



FPX NO. : 3147733403 



Nov. 



26 2002 06:03PM P9 

ST LOUI8 UNIV SCHOOL OF 



GIBCO BRL Custom Primers 

Certificate of Analysis 



Order Number 409887A 



Order Date: 



03A24/97 



Primer 4: 

Primer Name: KD16 
Researcher DORONIN 

Sequence (5' to V)\ CGC GCG TAT ACA CTT CCC ATT TTA AG 

Molecular Weight MS/pmole: 8306.2 

Millimolar Extinction Coefficient: 272.5 

Purity Deprotected 

Tm (1 M Na+) 74 

Tm (50 mM Na+) 53 

%GC 46 
Notes: 



Primer Number: 


A6280E01 


Primer Length: 


26 


M9 per OD: 


30.4 


nmotes per OD: 


3.8 


OO's 


14.6 




444 


nmole8 


53 


Coupling EfT. 


99% 



(E01) 



Primer 5: 

Primer Name: KD17 
Researcher: DORONIN 

Sequence (5* to S^GCT CTA GAC ATC ATC AAT AAT AT 

Molecular Weight MS/|Jmole: 7384.6 

Millimolar Extinction Coefficient: 263.4 

Purity Deprotected 

Tm (1 M Na+) 66 

Tm (50 mM Na+) 43 

%GC 30 
Notes: 



Primer Number. A6280E02 (E02) 



Primer Length: 


23 


yg per OD: 


27.9 


nmoles per OD: 


3.8 


OD's 


12,9 


M9 f «* 


361 


nmotes 


49 


Coupling Efr. 


99% 



* -See Note about Quantities tn 
Supporting Information. 



FROM :SAINT LOUIS UNIUERSITY MM I 



FPX NO. : 3147733403 



Nov. 26 2082 06:03PM P10 
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FROM : SAINT LOUIS UNIUERSITY MM I FAX NO. : 3147733403 Nov. 26 2002 06:03PM P12 
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:SAINT LOUIS UNIVERSITY MM I 



FAX NO. : 3147733403 



Nov. 26 2002 06:04PM P13 




FROM : SAINT LOUIS UNIUERSITY MM I FAX NO. : 3147733403 Nov. 26 2002 06:04PM P14 
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: SA I NT LOUIS UNIVERSITY MM I 



FAX NO. : 3147733403 
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EXHIBIT 



FROM : SAINT LOUIS UNIVERSITY MM I 



FAX NO. :314?733403 



Nov. 26 2002 05:55PM P3 



970520 plaque assay* 
6 

dl751 22 
dl707(3/15/97) 3 
d!707(4/23/97) 4.6 
pm734.9 «7 
KD1 55.3 



8 


10 


13 


46 


69 


96 


14.9 


23.8 


42.6 


21.5 


30.8 


38.5 


32.9 


65.3 


66.1 


72.3 


86.2 


91.2 



5/20/97 plaque 



15 


17 


19 


98 


98 


100 


78.2 


98 


100 


70.8 


96.9 


100 


07.1 


98.8 


100 


98.9 


100 


100 




dl751 

dl707(3/15/97) 
dl707(4723/97) 
pm734.9 
KD1 



5 



10 15 
Days post-Infection 



20 



•numbers at the top of the page are the data points represented in the graph 



FROM : SAINT LOUIS UNIVERSITY MM I 



FPX NO. : 3147733403 



Nov. 26 2002 05:55PM 



970520 plaque assay* 





5 


8 


7 
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•numbers at the top of the page are the data points represented in the graph 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Application of: Wold ct al. 
Serial No.: 09/351,778 
Filed: 07/1 2/1 990 



Groop No.: 1632 
AUy, Docket No.: 66 1 53-7775 



For: 



Replication-Competent Anti- 
Cancer Vectors 



Examiner: 



Priebe, Scou David 



DECLARATION, PURSUANT TO 37 C.F.R. 61.131, 
OF WILLIAM S.M. WOLD, Ph.D.. A NN E. TOLLEFSON. Ph.D., KONSTANTIN 
DORONIN. Ph.D. AND KARQLY TOTH. D.V M 

We. William S.M. Wold, Ph.D., Ann E. Tollefson, Ph.D., Konstantin Doronin. 
Ph.D. and Karoly Toth, D.V.M., declare and state as follows: 

1. AJI of the statements made herein of our own knowledge are true and all 
statements made on information and belief are believed to be true. 

2. We are co-inventors of the Inventions described and claimed in the above 
referenced patent application, filed July 12, 1999. 

3. We conceived of a recombinant adenovirus vector which is replication- 
competent in neoplastic cells and which overexposes an adenovirus death protein 
prior to March 3, 1997. We worked diligently, continuously and uninterrupted from prior 
to March 3, 1997, until we reduced the recombinant adenovirus to practice. The 
information contained in the documents of the attached exhibits was 
contemporaneously recorded on the dates indicated therein. Further, those exhibits are 
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true copies of the originals except to the extent that certain sensitive dates have been 
redacted. All noted dates that have not been redacted are accurate. 

4. Claim 1 of the 778 application is directed to a recombinant adenovirus vector 
that is replication-competent in neoplastic cells and that overexpresses adenovirus 
death protein (ADP). 

5. On or before March 3, 1997, we conceived of a recombinant adenovirus 
vector that is replication-competent in neoplastic cells and that overexpresses ADP, as 
evidenced by the activities set forth below. Unless otherwise noted, all of the 
documents referred to in the bullet point sections below are dated prior to March 3, 
1997: 

• Our early work focused on the E3 transcription unit (also referred to as the E3 
region) of Adenovirus (Ad) f and understanding the function of the various proteins 
encoded by that region. We observed that Ad comprising an ADP (1 1.6K) mutation (i e 
a mutation in the gene coding for ADP) developed plaques slower, and that those 
plaques were smaller, than Ad with wild type levels of ADP expression (see Exhibit A 
pagel [A1], where dl712 is an ADP mutant and Ad5 is a wild-type adenovirus), 

• In addition, we observed that some mutant Ads that have portions of the E3 
region deleted, other than the gene for ADP, produced larger plaques than the wild-type 
Ad. See page 2 of Exhibit A (page A2), which is a notebook page memorializing these 
observations. This page shows that dl753 produced larger plaques than wild-type. 

* M ff * P * ,aq * Ue ^ ve, °P™ nl assa VS indicated that ADP mutant Ad produced plaques 
at different rates than .wild type Ad (see pages A3-A17, which are plaque assay results 
which show that d!753 and d!732 produce plaques faster than wild type Ad, and ADP 
deletion mutants form plaques slower than wild-type). Note that rt rec70(T represents 
wild-type Ad, and "dl 753" and "d! 732" are adenoviruses that have deletions^ E3 
region [not in the open reading frame for ADPJ that result in increased svnthesk nf ahp- 

that preclude syntheses of functional ADP. 

» . ' Ge i electrophoresis studies were carried out which indicated that E3 deletion 
Ad produced h.gher levels of ADP (see Exhibit A, pages A18-A20 which are 
photocopies of those gels that show that dl753 fan i E3 deletion mutan/f l^f 
ADP than rec700 (which produces wild-type levels of ADP) ° Pr ° dUCeS m ° re 

. * Immunofluorescence assays were carried out that confirmed these findinas 
that E3 deleter .mutants produce more ADP than wild-type (See ExhibH? paaes A21 
A25, where d!732 and d!753 are E3 deletion mutants that overexoress ; ADP ^?7iV\- 
E3 mutant in which the gene for ADP is deleted, and reboot -^M^ 
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• In virus release assays, we observed that the ADP mutants that had large 
plaques released more virus than both wild-type Ad and ADP mutants that had small 
plaques (A26). 

• This, early work led us to hypothesize that ADP is required for cell lysis, and 
release of Ad . We also hypothesized that over-expression of ADP may cause cell lysis 
more rapidly, and therefore, that vectors that overexpress ADP may be useful as anti- 
cancer agents. 

• A proposal, entitled "Adenovirus E3-1 1.6K Protein as a Cell Death-Promoting 
Agent." was sent to Dr. Rae Lyn Burke of Chiron Corp. That Proposal is submitted 
herewith as Exhibit B. At page 7 of that proposal, the concept of overexpressing ADP 
(1 1 .6K) Is discussed. Further, at page 4 the KD/G2 class of adenovirus vectors are 
described, where it is stated that "tfjhe nondefective vectors generally have the E3 
transcription unit deleted and replaced with the transgene" [e.g., ADP]. The concept 
that deletion of the E3 transcription unit and insertion of the ADP gene would result in 
overexpression is based on the understanding that deletion of most or all of the E3 
genes other than the ADP gene facilitates overexpression of ADP mRNA by reducing 
competition for splicing of the major late pre-mRNAs. That concept is put forth in the 
instant specification at page 15. lines 12-17. That concept is also discussed in the 
proposal at page 7, where it is stated that "...we will determine whether 1 1 6K 
oyerexpressed during early stages of infection can promote cell death. The 1 1 6K aene 
will be bu.lt into our mutant. df7001, which lacks the entire E3 region but expresses all 
other adenovirus genes... Cells will be infected with the dl7001-1l.6K vector and cell 
death will be monitored." 1 lu oe " 

6. Prior to March 3, 1997, we. constructed a recombinant adenovirus vector that 
is replication-competent in neoplastic cells and that overexpresses ADP. Specifically, 
KD1 is a recombinant adenovirus vector that is replication-competent in neoplastic cells 
and that overexpresses ADP. KD1 was constructed by cotransfectingdH 101/1 107 
DNA that had been digested with EcoRI and pfasm.d p54 DNA comprising the ADP 
gene into 293 cells. DNA from resulting plaques was confirmed as KD1 by PCR. The 
following activities, which occurred prior to March 3, 1 997 are related to the construction 
and evaluation of ADP overexpressing vectors generally, and specifically KD1: 

«,h«tho th' 9h tlt8r d !i 101 ' 1 107 St0CkS were e *P a ^ed for the purpose of examining 
whether this virus with a mutation in the E1A gene would grow well on cancer eel ifnes 
and not on non-cancerous cell lines, and also for the purpose of deleting ^the E3 oakfn 
of an Ad stra.n and inserting the ADP from Ad5. (See Exhibit D1 Wdll 101/1 unvJLT 

gSSfiy : bone " of the KD strains descnbed in lhe ^ttV i{3^ 1 ^^ 
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• High titer dl1 101/1 107 stocks were confirmed. (D2-D3). 

» The EcoRI-A fragment of Ad5 containing the DNA sequence encoding ADP 
was purified. (D4) 

• Various deletions and insertions were made in the backbone adenoviral E3 
region by PCR. For example, in the construction of KD1, the ADP gene was isolated 
from the Ad5 genome by PCR using the primers named KD6 and KD7 that added Pad 
restriction sites to the DNA fragment containing the ADP gene. (E3, E4 and E9). This 
ADP-coBtainlng PCR fragment was cloned into a Pad site in the plasmid named pL2 to 
produce the shuttle plasmid named p54 (F7-F8) (D9). Another name for plasmid pL2 is 
PLKHE2A + Bam end + Cla. The sequences for primers KD6 and KD7 are 
presented in Appendix E1, E3, E4 and E9 and are described in the examples in the '778 
application. These primers as well as other primers were purchased from Gtbco BRL 
Exhibit E comprises order sheets and certificates of analysis for a number of those 
primers, along with contemporaneous notes that describe the primers. (E1-E10) 

• Growth curves to assess whether dl1 101/1 107 is attenuated for qrowth as 
compared to dl309 in HEL299 cells. (11-131) 

• Various plasmids used to construct the KD vectors were sequenced. (F1-F8) 

• The DNA sequence of the ADP gene inserted into plasmid p54 was determined 
using the KD6 and KD7 primers (F7-F8) F aeiermined 

• The ADP gene was successfully subcloned into the shuttle plasmid vector 
culminating in the isolation of the KD1 shuttle plasmid vector. (Exhibit F5-F6) (D9) ' 

do-, „ ii ? 1 1 °L DNA that had been di Sested with EcoRl was cotransfecled into 
293 cells together with plasmid p54 DNA. (D39) 

• Seven putative KD1 plaques from the above transfection experiment were 
observed. (C1) (KD) (WW) DNA from these plaques is confirmed as KdT (C6) 

• New DNA was prepared from cells infected separately with viruses isolated 
from ten plaques that resulted from the above co-transfedion experiment. (C6) 

# ,IT e ^ bpVe ° NA was ana,vzed b y restriction enzyme digestion and PCR 

I JAf ,h ? QUeS W ,T Sh ° Wn tQ contain ^ E3 re 9 ,on from P' asr "id P 54; that is 
three of the plaque isolates were KD1. (C9) (D48-49) 

HM-.ni/i tnVS^ °° trar } sfec ti°n experiment was performed using EcoRI-digested 

t l/QT * J .? NA P ' US P ' asm,d P 54 in 3 re P eat *> construct KD1. (§47) On 

3/6/97 the Hut supernatant DNA from four plaque isolates had been analyzed by PCR- 
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three of the plaque isolated had the E3 region of KD1. (D52) (C16). Thus, prior to 
March 3, 1997, KD1 had been constructed in two separate experiments. 

7. From the time the KD1 vector was made, we continued to work on 
construction and characterization of additional replication competent vectors that 
overexpress ADP. as evidenced by the activities listed below. This work eventually led 
to the KD3, GZ1 and GZ3 vectors described in the specification of the 778 patent, 
particularly in the Examples. Our experiments show that KD1 overexpresses ADP. 
Specifically, on or about May 20, 1997, we show that KD1 develops plaques faster than 
dl309, which expresses wild-type levels of ADP. Faster plaque development is 
correlated with overexpression of ADP. Based on the plaque development assay, we 
concluded that KD1 overexpresses ADP. In addition to the activities listed below, certain 
activities occurred on a continual basis. Those activities include, among others, 
maintenance of stocks of human cell fines used in evaluating the vectors; maintenance 
of bacterial cell cultures used to generate stocks of the various plasmids used to 
construct the claimed vectors; experiments such as virus growth curves, virus plaque 
assays, virus spread assays, virus induced cell death assays, all of which require 
multiple days to complete; lab meetings and informal discussions of progress and 
strategies for future experiments. The following activities are evidence of our 
continuous efforts: 

3/3/97-3/7/97: 






with dll 1 01/1 1 07 and dl309 on HEL299 cells or WI38 cells 
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3/7/97-3/14/97: 

• Plaque assays of the KD1 vector continued. (C19) 

• Virus growth assays continued on WI38 cells to assess the growth of 
dl1 101/1107.. (C20) 

• Assays continue to assess dl1 101/1 107 and dl309 in growth arrested vs. 
growing HEL299 cells. (C21, 133-34) 

• Initial stocks of the KD1 virus had been prepared. (C19) 
3/14/97-3/21/97: 

• The E4 promoter region of dh 101/1 107 was sequenced to help in constructing 
an E4 promoter substituted virus. (C22) 

• Virus growth assays continued on WI38 cells to assess the qrowth of 
d!1 101/1 107. (C23) 

• Sequencing of plasmids used to construct the KD vectors continued usina 
various primers. (F9-F12) a 

• Assays continued to assess dl1 101/1 1 07 and dl309 in qrowth arrested vs 
growing HEL299ceIls. (C24-25) 

3/21/97-4/4/97: 

• HEL299 growing and growth arrested cells are infected with dl1 101/1 107 and 
dl309 and virus growth assays are in progress. (C26, 135-36) 

• dl1 101/1 107 extracted from WI38 permissive cells is titered. (C27) 
3/21/97-4/11/97: 

• dl1 101/1 107/EcoRI and p101 or pi 11 are cotransfected and cell cultures 
observed to identify plaques that may comprise the KD2 and KD3 vectors. (C28) 

4/4/97-4/11/97: 

• Growth assays with dl1 101/1 107 and dl309 continue in HEL299 cells. (C29) 

• Titer experiments continue with dl1 101/1107 extracted from WI38 cells. (C30) 
4/11/97-4/18/97: 



-6- 



FROM : SAINT LOUIS UNIVERSITY MMI FAX NO. : 3147733403 Jan. 06 2003 05:51PM PS 



• Plaques with putative KD2 and KD3 virus are observed, and Hirt preps of DNA 
from those plaques are made. (C31) 

• Titer experiments continue with dM 101/1107 extracted from WI38 cells, and 
preliminary data are collected. (C32) 

• Growth curve experiments with dl1 101/1107 and dl309 on growth arrested and 
growing HEL299 cells are continued and data are compiled. (C34-35) 

4/18/97-4/25/97: 

• PCR and restriction enzyrnB digestions are done to confirm KD2. and Hlrt DNA 
preps are made for putative KD3 plaques. (C36) 

• Titer experiments continued with d!309 and dl1 101/1 107 extracted from 
infected WI38 cells. (C37-39) «*u<«.»a rrom 

K^rr ' Growlh experiment was started with dl1 101/1 107 and dl309 viruses on 
MCF-7 human breast cancer cells. (C37) 

, * H S£? 9 cells infected d, 1 101/1107 and dl309 are frozen for growth curve 
analysis. (C40) 3 c 

• Sequencing of plasmids used to construct KD vectors continued usinq various 
primers. (F13-F17) s 

• Cell culture supernatant stock of KD virus is given to lab technician (SB) for 
preparation of a high titer CsCI-banded stock. (C36) 

4/18/97-5/2/97: 

• Titrations of virus extracted from HEL299 cells infected with dl1 101/1 107 and 
dl309 continues. (C45) ° 

• Plaque development assay started with KD1 comparing it to dl309 (wild-tvDe 
E1A normal ADP expression), dl1 101/1 107 (E1A mutation, wild-type ADP expression) 
pm734.1 (wild-type E1A. no ADP expression), and dl7001 (wild-type E1 A no ADP 
gene). The cell lines used were 293 and A549 cells. (C41) (D90-D92) The results of 
this plaque assay are shown graphically at C56. The KD1 and dl309 plaques 
developed approximately 2 to 3 days faster than did the plaques of dl1 1 01/1 1 07 The 
fact that KD1 plaques developed more rapidly than those of dl1 101/1 107 indicates that 
KD1 overexpresses ADP. 

expand' °kI i,*" ^ K °' *" * 0m K ° ^ <° 
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4/25/97-5/2/97: 

• KD3 vector (referred to as dlE3Xba + ADP) was confirmed by PCR and 
restriction enzyme digestion. (C41) 

• Experiments to expand KD1 continue. (K22 K23) 
5/2/97-5/9/97: 

• Stocks of d(E3 + ADP were grown and monitored for plaque development 
Also, cells transfected with KD1. KD2 and KD3 are monitored for development of ' 
plaques relative to dl309. (C47. C49) 

• Growing and growth arrested dh 1 01/1 1 07 infected HEL299 cell extracts are 
titered for growth curve. (C50) 

• Expansion of KD1 continues. (K24) (C49) 
5/9/97-5/23/97: 

wild-type P, ( a C5i e ) deVe, ° Pment C ° mlnUe ' ,0 ***** K ° 1, ™ 2 ™" K ° 3 re,a ° Ve to 

... * ^ ,aqu * a A ssa >* to assess expression of ADP by KD1 relative to several viruses 
"^S^?^ F " ^ ™" * KD1 indicates Tdp^ 

• Sequencing of primers used to construct KD vectors continued. (F18-F19) 

• Titering of dl309 DNA extracted from 293 cells is initiated. (I37) 
continue G (S8) h ^ d ' 3 ° 9 *"* dl1 101/1 107 extra cted from HEL299 cells 

• Expansion of KD1 continues. (K25) (AT) 
5/13/97-6/2797: 



(K25-K28) 



• Plaque assay to assess KD1. Results indicate that KD1 overexpresses ADP. 
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» Expansion of KD1 continues. (K26) 
5/20/97-6/8/97: 



• Plaque assays of various viruses including KD1 anddl751. (H4-H10). The 
plaque development curve indicates that KD1 formed plaques as well as or better than 
dl751 . a virus that overexpresses ADP. This suggests that the virus had good ADP 
expression and function. (K27-28) (H4-H9). KD1 was plaque assayed along with dl751 
(which expresses higher than normal quantities of ADP), two preparations of dl707 (a 
mutant In which a portion of ADP is deleted and which therefore would be expected to 
have delayed kinetics of plaque formation), and pm734.9 (an ADP mutant with a three 
amino acid mutation at the C-terminus of ADP plsted as PME on the plaque assay 
counts]). 

5/23/97-5/30/97: 



• Plaque development assays were monitored and results collected. C56 is a 
graphical presentation of results indicating that KD1 develops plaques as quickly as 
d!309 and quicker than dl1 101/1 107, and that KD2 and KD3 develop plaques more 
quickly than dl1 101/1 107. (C55-C58) W 

5/30/97-6/27/97: 

• Efforts focused on further characterization of the KD vectors, and 
improvements on those vectors, such as for example substituting theE4 promoter 
Growth curves with dl1101/H07 continued, and Plaque development assays with KD1 
indicated that KD1 develops plaques somewhat slower than dl309. (C65-C82) 

• Infections were done for immunofluorescence staining for ADP. Viruses used 
for infection were d!309, KD1 . KD2 and KD3. It is noted that KD shows much more 
staining for ADP than the other viruses (both at 27 and 49 hours post-infection). This is 
supporting data for the overexpression of ADP by the KD viruses. (H1-H2) 

8. As evidenced by the foregoing, we confirmed that KD1 overexpresses ADP by 
Immunofluorescence assays utilizing an ADP-specific antibody on or about June 23, 
1997. 

9. We confirmed that KD1 overexpresses ADP by Western blot on or about 
December 1. 1997. (Exhibit L, pages L2-L4) 
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FROM :SftINT LOUIS UNIVERSITY MM I 



FAX NO. : 3147733403 



Jan. 06 2003 05:52PM Pll 



10. I understand that willful false statements and the like are punishable by fine 
or imprisonment, or both (18 U.S.C. 1001) and may Jeopardize the validity of the 
application or any patent issuing thereon. 

William S.M. Wold, Ph.D. 



Ann BT Tollefson, Ph.D. 




KarolyToth.^D. VV^] tfT 




Konstantin Doronin, Ph.D. 
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